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|a note From the author... 


YOU ARE ABOUT TO ENTER THE WORl.D OF ELECTRONIC SENSORS. 1 1 's A FASCINATING PLACE 
WHERE YOU WILL EXPERIMENT WITH ELECTRONIC DEVICES THAT REsPonD TO TOUCH, PRESSURE, 
magnetism, IJGHT, TEMPERATURE, AnD ROTATION. WHEN YOU Bl IIUD AnD EXPERIMENT WITH THE 
PROJECTS IN THIS LAB KIT, YOU WILL HAVE FUN WHILE LEARNING HOW ELECTRONIC CIRCUITS 
RESPOND TO THE IMORLD AROUND THEM. I HOPE YOU ENJOY EXPERIMEIYUNG WITH THESE PROJECTS 
AS ItUJCH AS 1 DID DESIGNING THEM. 

FORREST M. MIMS III 
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HOW TO CAR£ FOR YOUR ELECTRONIC SENSORS LAB 

1. ALWAYS PUSH THE POWER SWITCH TO THE OFF POSITION tbOWNJ BEFORE BULGING OR 
ICiblFYlNG A CIRCUIT AnD WHEN YOU ARE NOT USING THE SENSORS LAB. 

2. IF A ClRCUn FAILS 10 WORK PROPERLY WHEN 1 HE POWER SWl lCH IS PUSI-LD ON (UPj, PUSH 
TTE SWITCH OFF (DOWN) UNTIL YOU RND AND CORRECT THE PROBLTM CSEE PAGE 22J. 

3. OVERHEATTD ELTCTRONIC COMPONENTS MAY EMIT A DISTINCTIVE ODOR. VERY B/lPORTANT: 

IF YOU NOTICE AN ODOR AFTER SWITCHING TEE POWER SWITCH ON, PUSH THE SWITCH OFF AND 
CI-ECk YOUR WIRING FOR POSSIBLE ERRORS. 

Y. NEVER MAKE A DIRECT CONNECTION BETWEEN THE POSITIVE GJ POWER SUPPLY POINTS 
ALONG THE TOP OF THE BREADBOARD AnD THE GROUND POINTS ALONG THE BOTTOM . 

5. THE THREE POTENTIOMETERS tPOTSJ HAVE BUILT-IN SERIES RESISTORS TO LIMIT (REDUCE) 
current, when using THE LOOSE LIGHT-EMITTING DioDES (LEDS), ALWAYS INCLUDE A SERlES 
RESISTOR OF AT LEAST T70 OHMS. SEE ANY PROJLCT THAT USES AN LED. 

y. BEFORE USING THE YOU DIGITAL LOGIC CHIP AnD THE POWER RELD-EFFECT TRANSISTOR 
PROVIDED WITH YOUR SENSORS LAB, REMOVE ANY STATIC CHARGE ON YOUR BODY BY TOUCHING 

A metal Pipe, Large metaL object or screw on a light switch plate. 

?. never Pull on the wires of the remote link mwen removing its Plug from the 
console sensor socket or MWEn removing a sensor card FROM THE REMOTE LINK 

SOCKET, one OR BOTH WIRES MAY COME LOOSE. 

a. STORE Tf-E SENSOR CARDS AND LOOSE PARTS PROVIDED WITH YOUR SENSORS LAB IN THE 

console bay. the integrated CIRCUITS AND TF-E POWER FET TRANSISTOR SHOULD ALWAYS 

BE STORED IN THE CONDUCTIVE PLASTIC FOAM IN MAHICH THEY WERE SHIPPED. MA-llLE BUILDING 

CIRCUITS, YOU CAN TEMPORARILY STORE PARTS YOU ARE USING BY INSERTING THEM INTO AN 

unused PORTION OF THE BREADBOARD. BE SURE THAT NO COMPONENTS OR WIRES FROM YOUR 
CIRCUITS ARE PLUGGED INTO HOLES THAT LEAD TO UNUSED PARTS. 

*?. THE LED EARGRAPH READOUT CONSUMES MORE POWER THAN MOST OF THE CIRCUITS THAT 
YOU WILL BUILD. BE SURE TO PUSH THE DISPLAY MODE SWITCH TO THE OFF POSITION WHEN 
THE READOUT IS NOT BEING USED. 


BATTERY INSTALLATION AND CARE 

YOUR sensors UE REQUIRES ONE Y-VOLT BATTERY. REMOVE TF€ BATTERY COVER ON THE 
BOTTOM OF THE CONSOLE, SNAP THE BATTERY CONNECTOR ONTO THE BATTERY TERMINALS 

and replace the cover. 

A FRESH battery WILL PROVIDE MANY HOURS OF OPERATION. WHEN TF-E BATTERY BECOMES 
WEAK, THE LED READOUT AND SOME OF Tft PROJECTS WILL NOT WORK PROPERLY. BE SURE TO 
REPUCE TEE BATTERY WEEN YOU NOTICE TPESE SYMPTOMS. 

BE SURE TO REMOVE THE 9-VOLT BATTERY IF YOU PLAN TO STORE YOUR ELECTRONIC SENSORS 
UB CONSOLE FOR AN EXTENDED PERIOD OF TIME. 






FREaUENTLV A5KE[^ gUESTlONS 

1. “do I mVE TO BUILD THE PROJTC.TE IN Tf-E ORDER THEY ARE GIVEN?' 

NO. BUT IF YOU ARE NEW TO ELECTRONICS, OR IF THIS IS YOUR FIRST LAB KIT, BE SURE TO 
READ THE INTRODUCTORY PAGES THAT FOLLOW AnD TO BUILD THE EXAMPLE CIRCUIT ON 
PAC^ES IS 21 BEFORE ti01N(^ FURTHER. YOU WILL THEN KNOW \M^AT YOU NEED TO KNOW TO 
HAVE THE MOST FUN WITH AND TO LEARN THE MOST FROM YOUR SENSORS LAB. 

2. “there are many ways to BUILD CIRCUITS. DO I mVE TO FOLLOW TEE CEECK LISTS?" 

IF YOU A.RL NLW 10 LLECIRONICS, YES. WITH A LITTLE EXPERIENCE, YOU WILL SOON BE 
BUILDING THE CIRCUITS STRAIGHT FROM THE CIRCUIT DIAGRAMS. 

5. “what Do I Do when a circuit Does not work?" 

IF YOU FOLLOW TEE INSTRUCTIONS AnD USE REASONABLE CARE, CIRCUITS SHOULD WORK THE 
FIRST TIME YOU PUSH THE POWER SWITCH ON. WHEN A CIRCUIT DOES NOT WORK, PUSH THE 

Power switch off and turn to page 22 for some troubleshooting tips. 

Y. “is it ok to modify or change tee circuits in my sensors lab manual?" 

YES. even after you BUILD A CIRCUIT THERE ARE SOME EXTRA PARTS FOR MAKING 
CHANGES. BUT YOU MUST FOLLOW BASIC ELECTRONIC DESIGN GUIDELINES BEFORE MAKING 
SUCH CHANGES . OTHERWISE YOU MAY DAMAGE SENSITIVE PARTS LIKE ICS AND TRANSISTORS. 
IF YOU ARE NEW TO ELECTRONICS, WAIT UNTIL YOu'vE BUILT MOST OR ALL THE PROJECTS 
IN THIS MANUAL BEFORE MODIFYING CIRCUITS. BY THEN YOU MIGHT BE ABLE TO DESIGN YOUR 
OWN CIRCUITS. 

5. “can I use the circuits in my sensors lab in projects for SCHOOL OR AT WORK?" 

GENERALLY, YES. BUT SINCE THE AUTHOR AND RADlOSHACK HAVE NO CONTROL OVER \WHAT 
YOU DO WITH YOUR SENSORS LAB, WE ARE NOT RESPONSIBLE FOR AnY ADVERSE 
CONSEOUENCES. For EXAMPIE, you SHOUID nEv1=R use your sensors lAB OR ITS CIRCUITS 
FOR MEDICAL APPLICATIONS, SAFETY DEVICES, TRAFFIC CONTROLLERS, OR ANY OTHER USE 
THAT MIGHT SOMEHOW RESULT IN DAMAGE TO PROPERTY OR INJURY TO YOU OR OTHERS. 


INSTITUTE OF HLECTRICAl AND HLECTRONICS ENGINEERS gHlET 


YOU WlL LEARN MUCH AND HAVE LOTS OF FUN AS YOU EXPLORE THE EXCITING WORLD OF 
SOLID STATE EL£CTT?0N1CS WITH YOUR ELECTRONIC SENSORS LAB. YOU MIGHT EVEn THINK 
ABOUT FORMAL ELECTRONICS TRAINING SOME DAY. IF SO, YOU Wll WAnT TO KNOW ABOUT 
THE INSTITUTE OF ELECTTRICAL AND ELECTTRONICS ENGINEERS aEEEj, TFE WORLDS URGEST 
PROFESSIONAL SOCIETY FOR ELECTTRICAL ENGINEERS. YOU CAN FIND IEEE MAGAZINES AnD TECH 
NICAL JOURNALS AT COLLEGE LIBRARIES. YOU CAN LEARN MORE ABOUT TFE IEEE BY VISITING 
ITS WEB SITE (WWW.IEEE.ORGJ. 


MANY IEEE MEMBERS FIRST LEARNED ABOUT ELECTRONICS BY BUILDING CIRCUITS MUCH LIKE 
THOSE IN YOUR SENSORS LAB. THEY KNOW I FIA I 1 FfclR WORK INFLilLNT.LS IFF LlVF.S, FEALlH, 
AND SAFETY OF PEOPLE THROUGHOUT TFE WORLD. TFEREFORE, IEEE MEMBERS HAVE COMMUTED 
THEMSELVES TO PRACTICING TFE HIGFEST ETHICAL AND PROFESSIONAL CONDUCT. MEMBERS AGREE 
TO ABIDE BY A CODE OF ETHICS THAT RECOGNIZES THE IMPORTANCE OF HONESTY, INTEGRITY, 
FAIRBESS, AND SAFETY. I HOPE THEsE SAME PRINCIPLES WILL SERVE AS YOUR ETHICAL COMPASS 
AS YOU EXPLORE TFE AMAZING WORLD OF ELECTRONIC SENSORS. 
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HAKY OF THE PARTS PRCVlOEO WTH YOUR ELECTRONIC SENSORS LAB ARE NOT EASILY 
installed on the solderless BREADBOARD. THESE PARTS ARE INSTALLED ON THE 
console, connection springs MARE THESE PARTS '.''ERY EASY TO OSE. COMPARE YOLR 
SENSO'RS lab ■'.VITH THE ILLUSTRATION BELOW TO BECOME FAMILIAR WITH ITS MANY PARTS. 


I PARTS STORAGE EAYl 


TOUCH SENSOR! 


BUZZER I 


LED READOUT 


IROTATION SENSOR! 
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magnet sensor 


BREADBOARD 


DISPLAY MODE SWITCH 


POWER SWITCH 


POTENTIOMETERS (5J 


TRANSFORMER 


BRIEF Explanations for these parts are on the nExi 


'I OU WILL LzARN MUCH 


MORE ABOUT EACH PART AS YOU BUILD THE PROJECTS IN THIS MANUAL. 




POWER SWITCH 

THE POWER SWITCH APPLIES POWER (+7 VOLTSJ TO THE BREADBOARD. 

1 ROTATION SEt^SOR 

A SMALL DC MOTOR THAT PRODUCES A VOLTAGE WHEN ROTATED. 

TOUCH SENSOR 

A PAIR OF INTERLEAVED CONTACTS THAT CAN BE BRIDGED BY A FINGER TlP OR PRESSURE- 
SEnSITIVE conductive FOAM PLASTIC. 

MAGNET SENSOR 

A semiconductor magnet sensor known as a hall sensor. 

SENSOR SOCKET 

EXTERNAL SENSORS ARE PLUGGED INTO THE SENSOR SOCKET. 

POTENTIOMETERS 

Potentiometers are adjustable resistors, three different resistance values are 

INSTALLED ON YOUR CONSOLE TO PROVIDE DESIGN FLEXIBILITY. EACH INCLUDES A Y70-OHM 
PROTECTION RESISTOR BETWEEN TEE CENTER TERMINAL AND ITS SPRING. 

BREADBOARD 

YOU WILL BUILD PROJECTS ON THE SOLDERLESS BREADBOARD. IF THE RESISTOR LEADS BEnD 
when you first insert them INTO THE nEW BREADBOARD, LOOSEN THE CONTACT HOLES BY 
inserting a connection wire one or MORE TIMES. 

TRANSFORMER 


THE transformer CONSISTS OF TWO COILS OF WIRE WOUND AROUND A FORM MADE FROM 
THIN PLATES OF IRON. A SIGNAL FLOWING THROUGH ONE COIL IS INDUCED INTO THE SECOND 
COIL. CIRCUITS THAT CANNOT BE CONNECTED DIRECTLY TO THE SPEAKER BECAUSE OF THElR 

LOW resistance are connected to the speaker through the transformer. 


SPEAKER 

THE SPEAKER TRANSFORMS A FLUCTUATING CURRENT INTO SOUND. 


BUZZER 

THE BUZZER PRODUCES A LOUD TONE AT A FREQUENCY OF ABOUT 2000-2500 HERTZ. 


LED READOUT 

A 10-LED READOUT THAT INDICATES VOLTAGE BY A MOVING DOT CDOT MODEj OR BY THE 
HEIGHT OF A COLUMN OF LEDS (BARGRAfYH MODEj. 


DISPLAY MODE S\MTCH 

SELECTS BETWEEN DOT AND BARGRAPH MODE OF THE LED READOUT. 
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WITH YOUR ELECTRONIC SENSORS LAB 


YOUR ELElTROMU SENSORS LA.B IS SUPPUIEU 


GENEROUS ASSORTMENT OF COMPONENTS. 


CIRCUIT SYMBOLS AnD DRAWINGS OF EACH KIND OF PART ARE GIVEN BELOW. AVOID MISPLACING 
THE PARTS BY STORING THEM IN THE CONSOLE STORAGE BAY OR IN CONTAINERS CF YOUR 
CHOICE. BE SURE TO STORE STATIC SENSITIVE PARTS (POWER .V.OSFE ' G AnD MOST 
INTEGRATED CIRCUITS) IN THE ORIGINAL PACKAGING OR IN ELECTRICALLY-CONDUCTIVE 
CONTAINERS. NEVER STORE SUCH PARTS IN PLASTIC BAGS. 


30 Ck\ 


iO CtM 


YELLOW (YEU 


BLUE (BLU) 


RED (RED) 


WHITE tWHTJ 


5 c*u 

YOUR sensors lab HAS A GEnERCUS SELECTION Or CONNECTION WIRES. THE WIRES ARE 
COLOR-CODED SO THEY CAN BE EASILY REFERRED TO IN THE PROJECT INSTRUCTIONS USING 
THE ABBREVIATIONS SHOW'N HERE. 


RESISTORS 

RESISTORS RESIST THE FLOW OF ELECTRICITY. THIS MAKES THEM 
VERY USEFUL FOR REDUCING CURRENT TO LIGHT-EMITTING DlODES, 
AAA WHICH CAN BE DAMAGED BY TOO MUCH CURRENT. RESISTORS ARE 

ALSO USED TO DIVIDE A VOLTAGE INTO A SMALLER VOLTAGE. 
RESISTORS ARE USED TO INCREASE THE TIME REQUIRED TO CHARGE 
CAPACITORS and CONTROL THE DISCHARGE OF CAPACITORS. THEY 
ARE ALSO USED TO CONTROL THE GAIN OF AMPLIFIERS. 


CAPACITORS 



CAPACITORS STORE AN ELECTRICAL CHARGE. CAPACITORS SMOOTH A 
FLUCTUATING SIGNAL. THEY BLOCK DIRECT tOR CONTINUOUS) 
CURRENT WHILE PASSING CURRENT PULSES. CAPACITORS IN SERIES 
WITH RESISTORS ARE USED IN CIRCUITS THAT MEASURE TIME OR 
GENERATE A SERIES OF PULSES. THEY ARE OFTEN USED WITH 
RESISTORS. CERAMIC DISK AND EtECTROtYTiC TYPl=S ARE THE MOST 
COMMON, WITH THE LATTER HAVING THE MOST CAPACITY. 


LIGHT-EMITTING DIODE 





MOS I LIC^HT-EMITTINCi DIODES (U-.DS) EMIT LIC^HT OF ONE COLOR. 

YOUR sensors Lab includes two loose LEDS (red and GREEN). 
THE CATHODE LEAD 15 INDICATED BY A FLAT SPOT IN THE RIM AT 
THE BASE OF EACH DEVICE. A ROW OF Ifl RED READOUT LEDS 
IS INSTALLED IN THE CONSOLE. LEDS MUST USUALLY BE 
CON^ECTED TO A RESISTOR TO REDUCE CURRENT TO A SAFE VALUE. 
THE console LEDS ARE EQUIPPED WITH RESISTORS FOR THIS 

Purpose. 
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BIPOLAR TRANSISTOR CNPNJ 



e s 


BIPOLAR TRANSISTORS ARE LIKE SWITCHES. CURRENT FLOWING 
BETWEEN TLE COLLECTOR (C) AND EMITTER (Ej CAN BE SWlTCEED ON 
OR OFF BY A CURRENT AT THE BASE CB). TRANSISTORS CAN ALSO 
AMPLIFY BY ALLOWING A TINY, FLUCTUATNG SIGNAL AT THE BASE 
TO CONTROL A MUCH LARGER CURRENT. TRANSISTOR PART NUMBERS 
ARE PRINTED ON THElR FRONT SIDE. VARIOUS OTHER NUMBERS MAY 
ALSO BE present, SO JUST LOOK FOR THE PART NUMBERS. 


POWER FIELD-EFFECT TRANSISTOR (MOSFET) 





METAL-OXIDE-SEMICONDuCTOR CMOS) FELD-EFFECT TRANSISTORS 
(FETSJ ARE excellent SWITCHES FOR CURRENT FLOWING BETWEEN 
THE SOURCE (S) AnD DRAIN (Dj. THEY HAWE VERY LITTLE 
resistance VWHEN turned on by a voltage at the gate (G). 
THIS means they can CONTROL MUCH MORE CURRENT THAN 
BIPOLAR TRANSISTORS. THEY CAN ALSO BE USED AS AMPLIFIERS. 
IMPORTANT; MOSFETS CAN BE DAMAGED BY STATIC ELECTRICITY. 


ir^fTEGRATED CIRCUITS gCSJ 


j*! 13 liji 10 >t a 

n n n n n n n 

□ Soil 
u u u u u u u 

1 i J *r s 4, 7 


INTEGRATED CIRCUITS aCS) ARE MICROSCOPIC ELECTRONIC CIRCUITS 
ETCHED ON A SLIVER OF SILICON CALLED A 'CHlP' AND INSTALLED 
IN A PLASTC, METAL OR CERAMIC PACKAGE WITH EXTERNAL LEADS 

OR Pins, as shown here, one end of an ic has an index 

MARKER (USUALLY A SMALL CIRCLE OR NOTCH) THAT IDENTlRES PlN 


1 . 


COMPASS 



COMPASS 


THE COMPASS IS A LIQUID-RLLED CAPSULE CONTAINING A MINIATURE 
macinEt mounted on a Pivot Point, a circular dial marked 
WITH COMPASS Directions is mounted over the magnet, when 

THE COMPASS IS FLAT. THE MAGNET WILL ALIGN ITSELF WITH THE 

magnetic Field of the earth or a nearby magnet. 


MAGNET 



THE Powerful magnet supplied with your electronic sensors 

LAB IS MADE FROM METAL ALLOYS. IT IS INSTALLED IN A HOLDER 
WITH A HOLE FOR A STRING. SLIP ONE EnD OF THE SUPPLIED 
STRING THROUGH THE HOLE AnD TIE IT IN PLACE. THIS WILL 
ALLOW YOU TO SWING THE MAGnET LIKE A PEnDuLUM. CAUTION; 
THE magnet can erase MAGNETIC COMPUTER DISKS. ALWAYS 
STORE THE MAGNET IN THE PARTS COMPARTMENT. 


PRESSURE SENSOR 



A SMALL cylinder OF BLACK CONDUCTIVE FOAM PLASTIC ACTS AS 
A PRESSURE sensor WHEN INSERTED INTO THE TOUCH SENSOR 
OPENING. GENTLE PRESSURE ON THE FOAM PLASTIC IS EASILY 
DETECTED BY MANY DIFFERENT ELECTRONIC CIRCUITS. THE FLAT 

Piece of black conductive foam that the ics are shipped 

WITH CAN ALSO ACT AS A PRESSURE SENSOR. 
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ICS PROVIDED WITH YOUR ELECTRONIC SENSORS LAB 


Tl-E ICS SUPPLIED WITH YOUR SEUSORS LA& ARE INSTALLED IK CuAL- 
1:SI-L1NE PACkAGES OR “D1PS.“ EACH HAS AM INOEX MARKER (A SMALL 
CIRCLE OR A KOTCHJ NEAR PIN 1. NUMBERS AnD A LOGO OR SYMBOL 
ARE PRIM'LD ON EACH 0',P. T!^E PART NUMBER WAY BE ON ANY ROW, 

AND IT WILL HAVE A PRERX CMC, UW, TLS, ETC.J AND OTHER 
CHARACTERS. LOOK AT THE CHIP AT RIGHT. CAN YOU FIND THE PART 
NUMBER? ITS YOU. THE OTHER NUMBERS ARE MANUFACTURING AND DATE 


iYISlLll 10 <i 8 
n r> n n n n n 

“I K^oisoiiacp 
FTB 1*111 

u u u uuu u 
1 1 ? H s L y 


CODES. IF THE NUMBER IS FAINT, SHINE BRIGHT LIGHT ON t(-E IC. YOU 
MAY MEED TO T'LT THE IC TC SEE THE NUMBER. 


HOll QUAD NAND GATE 


* THE YC:i IS A CMOS LOGIC. CHIP V/lTH POUR IMDEPENDENT 
I GATES. YOU WILL USE THE YOU TO MAKE SIMPLE 

u u u u u u u ^ OSCILLATORS (FOR BU22ES AND MUSICAL TONES J AND 

1 ^ j "f s 7 Pulse generators (for flashimg leds). 



^11 SPECIFICATIONS 


SUPPLY voltage RANGE: +5 VOLTS TO -lb VOLTS. 

outplt current; ic milliamperes per output Pin maximum. 


^11 HANDLING PRECAUTIONS 

the you 15 A CMOS IC THAT CAN EE EASILY DAMAGED BY STATIC ELECTRICITY. FOLLOW 
THESE HANDLING PRECAUTIONS WHEN USING THE 

1 . BEFORE HAMDLlNG CMOS CHIPS, GROUND YOURSELF ^0 DRAIN AW'AY ANY STATIC ELECTRICAL 
charge on your body by TOLCHING A LARGE METAL OBJECT, APPLIANCE OR SCREW ON A 
LIGHT SWITCH PLATE. THIS IS ESPECIALLY IMPORTANT W'HEn THE AIR IS DRY. 

2 . ALWAYS Si ORE i HE ^011 IN THE BLACk CONDI JCi IVT FOAM IM WHIIlH IW WAS SHIPPED. 

S. ALWAYS connect UNUSED YOU INPUTS TC GROUND OR TO THE POSITIVE SUPPLY VOLTAGE. 


555 TIMER (COMBINED ANALOG AND DiGiTAL IC3 


B 7 fc S 
*1 n n n 


b BBS 


u u u u 

1 i 2 


Tl-L 555 (OR NE555J CAN BE USED AS AN OSCILLATOR OR TO 
PROVIDE PRECISE TIMING DELAYS. BOTH OPERATING MODES CAN 
BE CONTROLLED BY A SINGLE CAPACITOR OR RESISTOR. THE 555 

CAN Power a speaker or led. the output can act as a 
current source (OUTPUT DEVICE FROM PlN 5 TO GROUND; OR A 
SINK (OUTPUT DEVICE FROM POSITIVE SUPPLY TO PlN 3J. 



y ,?i ^ i‘ 


555 SPEClFlCATiONS 

SUPPLY VOLTAGE RANGE; -Y.5 VOLTS TC Hb VOLTS. 


SUPPLY CURRENT ; 3 MIL LI AMPERES "T/PlCAL. 

OUTPUT current ; - OR - ZOO milliamperes maximum. 
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Ill DUAL-OP AMP 


B T fc S 

n n n n 

□ Ull. 

h_nj u u 
1 a. "S -4 


ThE 111 tOR TLS.Z71) IS A PACKAGE OF TWO PRECISION 
operational AMPLIFIERS THAT CAN BE POWERED BY A 
BATTERY OR OTHER SINGLE-POLARITY SUPPLY. THE TWO 
OP AMPS ARE 1NS1ALLLD IN A SINGLE ft PIN PACKAGE. 
THE OUTPUTS OF ALL OP AMPS HAVE A SMALL ERROR 
VOLTAGE CALLED THE OFFSET. THE 272 OFFSET 
VOLTAGE IS 1 MILLIVOLT OR LESS WHEN THE GAIN IS 
1. BOTH OP AMPS HAVE A VERY HIGH InPuT IMPEDANCE. 



272 SPECIRCATIONS 

SUPPLY VOLTAGE RANGE: +5 VOLTS TO +1L VOLTS. 

SUPPLY current; 1.4 MILLlAMPERES V^ICAL (3.2 MA MAXIMUM). 

OUTPUT current; 4- or - 50 MILLlAMPERES TYPICAL (10 MA MINIMUM) 

MAXIMUM VOLTAGE GAIN; 25,000 TYPICAL (5,000 MINIMUM) AT ROOM TEMPERATURE AND WHEN 

Powered by 45 volts, gain is set by a feedback resistor between the output and 
THE inverting (-) INPUT. 


AUDIO POWER AHAPLlRER 


8 7 b S 
n n n n 

58b 
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TFE SSL (OR LM58L) IS A LOW VOLTAGE AMPLIFIER DESIGNED 
SPECIRCALLY FOR AuDlO APPLICATIONS. THE GAIN IS 
INTERNALLY SET TO 20. THE GAIN CAN BE INCREASED TO 
200 BY connecting A 10-UF CAPACITOR ACROSS PINS 1 (+J 
and 8 (-J. A RESISTOR IN SERIES WITH THE CAPACITOR CAN 
REDUCE THE GAIN TO BETWEEN 20 AnD 200. THE SSL IS 

designed For battery operation, it has low distortion. 

APPLICMIONS INCLUDE DRIVING SPEAKERS IN RADIOS, INTERCOMS 
AND TAPE PLAYERS. 


[a] F 



A 

\ 





sab SPECIFICATIONS 

SUPPtY VOtTAGE RANGE; 44 VOITS TO h 1? VOtTS. 

SUPPLY current (no InPuT SIGNAL); 4 MILLlAMPERES TTPlCAL (8 MA MAXIMUM). 

OUTPUT POWER: 525 MILLIWATTS TYPICAL (250 MW MINIMUM) WHEN POWERED BY fc VOLTS. 
VOLTAGE gain; 24. DB (20) TYPICAL. 44. DB (200) WITH 10-UF CAPACITOR BETWEEN PINS 1 AnD 

a. 

Frequency bandwidth; 300 khz ( 300,000 hZ) typical. 

TOTAL harmonic DISTORTION; 0.2X TYPICAL. 
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SENSORS SUPPLED WITH YOUR ELECTRONIC SENSORS UB 

YOlJ? sensors LAE IS PROVIDED W,1TH A COMPASS AnD 10 ELECTRONIC SENSORS. SOME CF THE 

other parts can also be lsed as sensors, six sensors are mounted CNSiDE Plastic 

CARTRIDGES THAT PLUG INTO THE SENSOR SOCKET ON THE CONSOLE. THESE SENSORS ARE 
REFERRED TO AS SENSOR CARDS IN THIS WORKBOOK. 


COMPASS 



cor^PASs 


YOU WILL USE THE COMPASS TO DETECT THE MAGNETIC RELDS OF 
THE EARTH, THE MAGNET AnD MAGNETIZED OBJECTS SUCH AS A 
PAPER CUP. 


ROTATION SENSOR 



THE console rotation SEnSOR IS A SMALL ELECTRICAL MOTOR 
THAT ACTS LIKE A GENERATOR WHEN ITS SHAFT IS TURNED. YOU 
WILL USE THE ROTATION SENSOR TO DETECT ROTATION AnD THE 
direction of ROTATION. 


TOUCH SENSOR 



THE CONSOLE TOUCH SENSOR IS A PAIR OF INTERLEAVED, NON- 
TOUCHING ELECTRODES. YOU WILL BRIDGE THE ELECTRODES WITH 
YOUR RNGER TIP TO ACTIVATE VARIOUS CIRCUITS AND PROJECTS. 
MOISTENING YOUR FINGER TlP Will ENHANCE THE SENSITIVITY OF 
THE sensor. 


PRESSURE SENSOR 



THE console TOUCH SENSOR BECOMES A SENSITIVE PRESSURE 
sensor when the small cylinder OF BLACK CONDUCTIVE FOAM 
PLASTIC IS inserted IN THE TOUCH SENSOR. YOU WILL APPLY 
gentle pressure TO THE PRESSURE SENSOR TO ACTIVATE VARIOUS 
CIRCUITS. 


I MAGNET SENSOR 


+ © ’ 
© = 


THE console -mounted MAGnET SEnSOR IS A SEMICONDUCTOR 
HALL-EFFECT DEVICE. YOU WILL PLACE THE MAGNET NEAR THE 

magnet sensor to activate various circuits and projects. 
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MAGNET SWiTCH 



THE magnet switch IS A NORMALLY-OFF REED SWITCH. YOU WILL PLACE 
THE magnet near THE MAGNET SWITCH TO ACTIVATE THE SWITCH AnD 
CONTROL VARIOUS CIRCUITS AnD PROJECTS. 


INDUCTION COIL SENSOR 



THE induction COIL SENSOR RESPONDS TO ELECTROMAGNETIC FIELDS. IT 
CAN BE ATTACHED TO A TELEPHONE RECEIVER USING THE REMOTE LINK 
AND SUCTION CUP. YOU WILL USE THE SENSOR TO DETECT VARIOUS 
ELECTROMAGNETIC SOURCES. 


PROBE SENSOR 

You WILL TOUCH THE PROBES OF THIS SENSOR TO VARIOUS MATERIALS, 
and you will insert the probes IN WATER TO ACTIVATE TONES AnD 
LEDS. 



THERMISTOR SENSOR 



THE THERMISTOR SENSOR CONTAINS A TEMPERATuRE-SEnSITIVE RESISTOR. 
YOU WILL USE THE THERMISTOR SEnSOR CARD TO ACTIVATE TONES AnD 
LEDS WITH TEMPERATURE CHANGES. 


PHOTQRESISTQR SENSOR 



THE PHOTORESISTOR SENSOR CONTAINS A LIGHT-SENSITIVE CADMIUM 
SULFIDE PHOTORESISTOR. YOU WILL USE THE PHOTORESISTOR SENSOR CARD 
TO DETECT VERY LOW LEVELS OF LIGHT AnD TO CONTROL TONES AnD 
LEDS. 


PHOTQTRANSISTQR SENSOR 



THE fHOTOTRANSlSTOR SENSOR CONTAINS A LIGHT-SENSITIVE SILICON 
fHOTOTRANSlSTOR. YOU WILL USE THE PHOTOTRANSISTOR SENSOR CARD 
TO DETECT VERY LOW LEVELS OF LIGHT AnD TO CONTROL TONES AnD 
LEDS. 


REMOTE LINK 



THE REMOTE LINK ALLOWS YOU TO USE THE SENSOR CARDS AWAY FROM 
THE CONSOLE. ONE END OF THE LINK IS INSERTED INTO THE SENSOR 
SOCKET. THE SENSOR CARD IS INSERTED INTO THE OTHER END OF THE 
REMOTE LINK. CAUTION: DO NOT REMOVE THE REMOTE LINK BY PULLING ON 
ITS WIRES. 
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TH£ SOLD£RLESS &READ>BOARD 

ELECTRICAL COKiMECTICK TC THE PARTS TMSTALLED 0:M YOLR ELECTRGMIQ SENSORS LAB IS 
HADE POSSIBLE BY ZP SPRING TERMINALS. SENSOR CARLS ARE PLUGGEL INTO Tl-E SENSCR 
SOCKET. LOOSE PARTS ARE INSTALLEL ON Tf-E SOLLERLESS BREALBOARb. THE BREADBOARD 
HAG ZZO connection POINTS. TEN OF THESE FVjlMS ARE ALONG THE TCP SIDE CF THE 
BREADBOARD. THEY EACH PROVIDE 9 VOLTS \WHEN THE POWER SWITCH IS PUSHED ON. TEN 
ADDITIONAL POINTS ALONG THE BOTTOM OF THE BREADBOARD ARE CONNECTED TO THE 
NEGATIVE t-J SIDE OF THE BATTERY CGROUNDj. YOU WILL INSERT CONNECTION WIRES AND 
THE LEADS AnD PlNS OF ELECTRONIC COMPONENTS INTO THE CONNECTION POINTS. THE 
BREADBOARD IS PERFECT FOR SIMPLE PROJECTS USING ONLY A FEW PARTS. AND IT IS 
ESPECIALLY useful FOR MORE COMPLICATED PROJECTS THAT USE INTEGRATED CIRCUITS. 


HOW THE BREADBOARD IS ORGANIZED 



INSERT Positive t+*? voltj Power connection wires in any 
OF THE 10 HOLES ALONG THE UPPER SIDE OF THE BREAD 
BOARD. 


THE MAIN section OF THE BREADBOARD HAS 200 
connection Points. 


INSERT ground connection WIRES IN ANY OF THE 10 HOLES 
ALONG THE BOTTOM SIDE OF THE BREADBOARD. POWER IS 
DELIVERED TO THE BREADBOARD ONLY WHEN THE POWER 

SWITCH IS Pushed to 'on." 


THE SLOT THROUGH THE CENTER OF THE 


BREADBOARD DIVIDES THE CONNECTION POINTS 
ON THE LEFT FROM THOSE ON THE RIGHT. 


HOW THE BREADBOARD COORDINATE SYSTEM WORKS 


EACH OF THE 200 CONNECTION POINTS IN THE CENTRAL PORTION CF THE BREADBOARD 
BETWEEN i-BV and GROUND IS IDENTIFIED BY A COORDINATE SYSTEM BASED ON THE ROW AnD 
COLUMN LABELS. ROWS ARE INDICATED BY LETTERS (A-Tj AND COLUMNS BY NU.'/BERS (1-:0J. 

THE ARROW'S BELOW' SHOW THE LOCATION OF CONNECTION POINT K3. 


COLUMN 5 



THE PROTECTS IN THIS MANUAL WILL ASK YOU TO 
connect one or more CONNECTION WIRES TO ^ 
VOLTS C+W). YOU CAN USE ANY OF THE TEN HOLES 
ALONG THE TOP OF THE BREADBOARD. 

THE FIVE HOLES ON ONE SIDE OF THE BREADBOARD 
SLOT ARE connected TOGETHER. THUS ALL FIVE 
HOLES IN THE ROW Al-AS ARE CONNECTED TOGETHER, 
and THE Five HOLES IN ROW Ab-AlO ARE CONNECTED 
TOGETHER. BUT THE HOLES IN A1-A5 AnD Atr-AlO ARE 
SEPARATED BY THE SLOT AnD ARE NOT CONNECTED 
TOGETHER. 

USE ANY OF THE 10 CONNECTION POINTS ALONG THE 
BOTTOM OF THE BOARD FOR GROUND. 






HOW TO ASSEMBLE GRCUITS 

ELECTRICAL CONNECTION TO THE PARTS INSTALLED ON VOUR ELECTRONIC SENSORS LAB IS 
MADE POSSIBLE BV 29 SPRING TERMINALS. VOU WILL INSERT THE LOOSE PARTS PROVIDED WITH 
VOUR SENSORS LAB INTO Tf-E SOLDERLESS BREADBOARD. YOU WILL USE CONNECTION WIRES TO 
connect the springs TO THE PARTS YOU INSTALL ON THE BREADBOARD. 


inserting connection wires into the springs 


S I TO Insert a connection wire Into a spring, EEnD 

I THE SPRING SIDEWAYS AnD INSERT THE EXPOSED METAL 

Portion of the wire Into An oPEn slot near the 

, BOTTOM OF THE SPRING. BE SURE THAT ONLY THE BARE 

" METAL Enters the spring, then allow the spring 

TO return to its normal Position, be sure to keep 
THE insulated PORTION OF THE WIRE OUTSIDE THE SPRING. 
REMOVE CONNECTION WIRES BY BENDING TFE SPRING AWAY 
FROM THE WIRE. THEN PULL THE WIRE FREE. 



YOU CAN insert SEVERAL WIRES INTO A SPRING TERMINAL. FOR BEST RESULTS INSERT WIRES 
ON OPPOSOE SIDES OF TFE TERMINAL. BE SURE TO INSERT NEW WIRES AT DIFFERENT LEVELS 
WITHIN TFE SPRING. 


HOW TO INSERT PARTS AND WIRES INTO THE BREADBOARD 



insert A WIRE INTO A CONNECTION POINT BY 
Pushing until it stops. Do the same with 

PARTS HAVING WIRE LEADS. PARTS WITH THICK 
LEADS OR PINS, SUCH AS THE TRANSISTOR 
SHOWN HERE, REQUIRE MORE FORCE. ALIGN THE 

Pins with the proper holes and then press 
DOWN firmly on THE PART. REMOVE PARTS AND 
WIRES BY CAREFULLY PULLING THEM STRAIGHT UP. 
PRY ICS UP from one END AND THEN THE OTHER. 



IF A COMPONl=NT t EAD DOES NOT SLIP INTO A 

connection Point, insert and remove a connection 
WIRE to open the connection. 


TNTEGRATTD [‘_IR(‘niTS tlCSJ MUST BE INSTALLED ACROSS THE SLOT IN THE SOLDERLESS 
breadboard, the ICS SUPPLIED WITH YOUR SENSORS LAB HAVE TWO PARALLEL ROWS OF 
PINS. EACH ROW SHOULD BE INSERTED INTO THE CONNECTION POINTS ALONG OPPOSITE SIDES 
OF THE SLOT. USE CARE TO AVOID BENDING PINS. CAUTION: IC PINS ARE SHARP/ 



INSTALL AN rC BY LINING UP THE PiNS ON ONE SIDE WITH THE CORRECT 
connection HOLES ALONG THE EDGE OF THE SLOT. REST THE OPPOSITE 
SIDE OF THE IC OVER THE PROPER HOLES ON THE OPPOSITE SIDE OF THE 
SLOT and press Down on the top of the IC. IF THE IC IS new, THE 
PINS ARE SPREAD SLIGHTLY OUTWARD. PRESS TFE TIP OF A BALLPOINT 
PEN next to THE Pin FARTHEST AWAY FROM YOU. PUSH THE PEN TOWARD 
THE ROW OF CONNECTION HOLES WHILE PuLLING IT ALONG THE ROW OF 
Pins. AT THE SAME TIME, PRESS DOWN ON THE IC. WFEN THE PEN 
REACFES THE UST PIN, THE IC SLIPS INTO THE CONNECTION POINTS AnD 
RESTS FLAT AGAINST THE BREADBOARD. 
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MORE ABOUT ASSEMBLY METHODS 


ALWAYS Push the Power switch to off before you assemble a circuit, be sure to 

IiYSTALL PARTS IN THE PROPER HOLES. A MlSTAkE MIGHT ZAP A COMPONENT WHEN YOU 
APPLY POWER. AN INCORRECTLY INSTALLED PART MAY NOT BE DAMAGED, BUT THE CIRCUIT 
WILL PROBABLY NOT WORK PROPERLY UNTIL THE ERROR IS CORRECTED. 


THESE TWO RESISTORS ARE INSTALLED CORRECTLY 




BE SURE TO KEEP TP€ LEADS OF PARTS FROM TOUCHING ONE ANOT^tR 
WHEN TP€V ARE INSTAliBD ON THE SOLDERLESS BREADBOARD. TFIESE TWO 
RESISTORS ARE INSERTED INTO THE BREADBOARD VERTICALLY. THEIR LEADS 
ARE SEPARATED FROM ONE ANOTHER AnD DO NOT TOUCH. 


THESE TWO RESISTORS ARE INSTALLED INCORRECTLY 




THESE TWO RESISTORS ARE INSTALLED IMPROPERLY. THE ONE ON THE 

LEFT IS Pushed Down AnD onE oF its lEADs is touching the lead oF 
THE adjacent resistor. THE CIRCUIT THEY ARE INSTALLED IN WILL NOT 
WORK PROPERLY— IF IT WORKS AT ALL. 


WHATS RIGHT ABOUT THIS SAMPLE SOLDERLESS BREADBOARD CIRCUIT? 


THIS RESISTOR IS INSTALLED ACROSS THE SLOT 
IN THE BREADBOARD, \AW1CH MEANS EACH LEAD 
GOES TO A SEPARATE CONNECTION ROW. Ok. 


THIS i ED IS IKSTAI i FD 
ACROSS SEPARATE 

connection rows, one 

ROW GOES TO A RESISTOR 
THAT LIMITS CURRENT TO 
THE led. THL O'lHLR ROW 

GOES TO Pin s of the 

INTEGRATED CIRCUIT. GOOD. 







THIS INTEGRATED CIRCUIT IS 
INSTALLED ACROSS THE SLOT IN THE 
BREADBOARD. THIS MEANS EACH OF 
ITS Pins is inserted into an 
INDEPENDENT CONNECTION ROW. EACH 
OF THE Pins on the ic enters a 
CONNECTION HOLE AND NONE ARE BENI 
UNDER THE IC PACKAGE. CORRECT. 






BOTH LEADS OF THIS LED ARE INSTALLED IN THE SAME 
CONNECTION ROW, THE t ED Wll L NOT WORK. 


BOTH Ends of THIS WIRE ARE 
CONNECTED TO ROWS THAT ARE 
NOT CONNECTED TO A PART. f 

BOTH LEADS OF THIS 
RESISTOR ARE IN THE SAmE 
CONNECTION ROW'. THE RESISTOR 
WILL NOT W'ORK. 



' -/-r t 
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THIS INTBGRAltD CIRCUIT IS INCORRECTLY 
INSTALLED ACROSS THE SLOT IN THE 
BREADBOARD. THE IC PlNS DO NOT GO TO 
SEPARATE CONNECTION ROWS. AND TWO 

Pins on each side of the ic are eentt 
under THE IC . THE IC MUST BE 
INSTALLED WITH ITS LONG SIDE PARALLBL 
WITH TEE SLOT. 










ELECTRONIC GRCUIT SYMBOLS AND DIAGRAIVIS 

ON PAGES 8-^, VARIOUS SYMBOLS ARE SHOWN ALONGSIDE SOME OF THE Tf-E COMPONENTS 
THEY represent. THOSE ANt) ADDITIONAL CIRCUIT SYMBOLS ARE SHOWN HERE. ON PAGE 18 
WE WILL USE SOME OF THESE SYMBOLS TO REPRESENT A CIRCUIT THAT FLASHES A LED. 


SCHEMATIC OR CIRCUIT DIAGRAM SYMBOLS 


CONNECTED 

WIRES 


UNCON^ECTED 

WIRES 


+ v 

A 


POSITIVE GJ 

VOLTAGE 

CONNECTION 






POTENTIOMETER 


CERAMIC 

[‘_APA(‘rroR 




ELECTROLYTIC 

tWPAC.TTOR 


GROUND 

CONNECTION 




LIGHT-EMITTING 

DIODE (LEDJ 


RESISTOR 


C 
E 

NPM 

NPN BIPOUR 
TRANSISTOR 



4 ^ 


POVER MOSFET 
TRANSISTOR 


& ^ t 5 
n n n n 


h 555 


^ u u u 

L S -h 


E 





INTEGRATED 

CIRCUIT 


TT^ANSFORMER 


T-i 

MAGNETIC 

SPEAKER 


PIEZOELECTRIC 

BUZZER 





I 



console ROTATION 
sensor 


CONSOLE TOUCH 
SENSOR 


CONSOLE MAGNET 
SENSOR 


MAGNET SWITCH 
SENSOR CARD 


MAGNET 





Induction coil 
sensor card 


PROBE SENSOR 
CARD 


THERMISTOR 
SENSOR CARD 


PHOTORESISTOR 
SENSOR CARD 


PHOTO- 
TTRANSISTOR 
SENSOR CARD 
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A PICTORIAL VI 




THE ILLUSTRATION BELOW IS A PICTORIAL WEW OF A CIRCUIT THAT UES A 5L5 INTEGRATED 

CIRCUIT TO send Pulses of current to a light-emitting diode, pictorial V1EV\'S ARE 
l-ery clear, but they are not practical for complicated circuits, circuit diagrams 
OR schematics in which electronic parts are represented by symbols are much more 


COMMONLY USED. 






I HE CIRCUIT ljIA(^RAM BE.i OW IS E.QUIVAI. E.NT TO THE PlC i OR'A.I. 'viE.W A.EOvE.. TEH SA.M^E 
CIRCUIT IS SHOV'.'rvi IN BOTH DIA.GRA.VS. THE MOST IMPORTANT DIFFERENCE BETWEEN THE 
TWO drawings is that in THE CIRCUIT DIAGRAM THE PlNS OF THE 55B IC ARE NOT SHOWN 
IN THE SAME arrangement THEY HAVE ON THE ACTUAL IC. THIS SHORTCUT PRCWDES A 
simpler way of representing THE CIRCUIT. 



COMPARE TEE T^vO CIRCUITS BY CHECKING TO SEE IF THE SAME CONNECTIONS ARE MADE TO 
EACH B5B Pin. START AT RiN 1. (PIN 5 IS NOT USED.J THIS IS AN EXCELLENT WAY TO FIND 
MISTAKES when YOU BUILD CIRCUITS ON YOUR SEnSOR LABS BREADBOARD. THE RESISTORS 
ARE MARKED WITH A CODE 0.^ COLORED BAnDS (YEL = YELLOW, VIC = VIOLET, BRN = BROWN, 
and BLK = BLACK). THE INSIDE FRONT COVER EXPLAINS HOW' TO INTERPRET THIS CODE. 
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SUID AN LED FLASHER THAT RESPONDS TO TOUCH 

NOW YOU ARE READY TO BUILD THE TOUCH-SENSITIVE LED FLASHER ON PAGE LB. BUILDING 
THIS CIRCUIT WILL GIVE YOU THE E>CPER1ENCE YOU WILL NEED TO ASSEMBLE THE PROJECTS 
DESCRIBED IN THIS MANUAL. JUL CIRCUIT BUILDING GOES MUCH FASTER WHEN YOU 
FIRST COLLECT ALL THE PARTS YOU WILL NEED. ALSO, BE SURE TO REMOVE ALL UNUSED 
PARTS AND WIRES FROM THE BREADBOARD BEFORE BEGINNING. 





1. BUILD THE CIRCUIT 


1. □ Push Power and display mode switches off. 

2. U insert the 55L ACROSS SLOT tPiN 1 AT J5J. 

5. □ INSERT R1 ACROSS KIO AND LIO. 

Y. □ INSERT R2 ACROSS G5 AND -t-YV. 

5. □ INSERT Cl ACROSS Jl AND Kl. 

b. □ insert led ACROSS G1 (ANODEJ AND 
L 1 tCATHODE). 


7. □ CONNECT J3 TO GROUND CWHTJ. 
a. □ CONNECT JIO TO (WHTJ. 

9 . □ CONNECT KY TO L7 CWHTJ. 

10. □ CONNECT MY TO J7 C\AT1TJ. 

11. □ CONNECT SPRING 5 TO +9V (RED), 

12. n connect SPRING b TO K? (REDj. 


2. TEST THE CiRCUlT 

CHECR YOUR WIRING FOR ERRORS. BE SURE THE 555 IC AnD THE LED ARE INSTALLED IN THE 
CORRECT direction. UWEn YOU ARE SURE EVERYTHING IS CORRECT, PUSH THE POWER SWITCH 
ON. PRESS THE TOUCH SENSOR, AnD THE LED BEGINS TO FLASH. THE FLASH RATE 
increases as you press harder, problem? see pages 20 and 22 FOR HELP. 


5. GOING Further 

THIS CIRCUIT WILL ALSO RESPOND TO LIGHT. PUSH THE POWER SWITCH OFF. RnD THE 
SENSOR CARD MARRED 'PHOTORESISTOR' AND INSERT IT INTO THE SENSOR SOCRET. MOVE 
THE RED WIRE AT SPRING 5 TO SPRING 1. MOVE THE RED WIRE AT SPRING fe TO SPRING 2. 
PLACE THE CONSOLE IN A DARKENED ROOM AND PUSH THE POWER SWITCH ON. THE LED 
FLASHES. IF THE LED GLOWS STEADILY, SHIELD IT FROM LIGHT. SLIGHTLY INCREASING THE 
MGHT AT THl: ITIOTORESISTOR INCREASES THE Ft ASH RATE. 
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GETTING started: CHECKING OUT THE CIRCUIT 


THE CIRCUIT CK PAGE M THAT YOU HAVE BUILT SHOULD NOW BE WORKING. WHETHER IT IS 
OR :YOT, COMPARE YOUR CIRCUIT WITH THE OkE BELOW' TO SEE W'HAT YOU DlD RIGHT OR 
WHAT YOU DID WROiYG. 

FlNDlKG AKD CORRECT', KG ERRORS IN ELECTRONIC C'.RCUITS IS CALLED "TROUBLESHOOTING." 
TROUBLESHOCT'iNG IS COV'ERED ON PAGE ZZ. YOU W'lLL GET A GOOD IDEA OF W'HAT IS 
INVOLVED '„N TROUBLESHOOTING YOUR ELECT ROiNlC SEKSORS LAB PROJECTS BY C0MPAR'„NG 
YOUR CIRCUIT WITH THE IlLUSTRAT',ON BELOV/. 


THIS C'.RCU'.T W'',LL 
WORR WITH A RED 
OR green led. 


IT S NOT OR FOR 5SS IC PIN 1 tUSUALLY MARRED 
THE BARE WIRES AS SHOWNJ MUST BE 
OF PARTS TO TNSTaLLED AT HOLE JS. TCS 
TOUCH ANY MUST BE INSTALLED OVER 

OTHER BARE WIRE. THE SLOT. 



TOUCH SENSOR 


ITS Olc FOR THIS BARE LED W'',REf 
TO TOUCH THE ADJACENT 
insulated connection W'',RE 
GOING TO SPRING 


TEE CIRCUIT 
DIAGRAM SHOWS 
THREE LEADS 
GOING TO +Y 
VOLTS. THEY 
ARE SHOWN 
HERE. ALL 10 
HOLES IN THE 
TOP ROW PROVIDE 
^-9 VOLTS. 

THESE ROW 
LETTERS and 
THE COLUMN 
numbers ALONG 
THE BOTTOM OF 
THE BREADBOARD 
ARE USED TO 
IDENTIFY SPECIFIC 
HOLES ON THE 
BREADBOARD. THE 
ARROW AT LEFT 
Points to 
Position rs. 


\ 


when a C'.RCUIT 
FAILS TO W'CRIC 


note tee flat spot 

ON TF-E RIM OF THE 


BECAUSE TFESE TWO I FOR BEST RESULTS, 


WHITE WIRES ARE 


Properly, alw'Ays led base, this marks tnstalled close 


KEEP THE AREA AROUND 
YOUR CIRCUITS FREE OF 


Push the Pcw'Er 

SW'',TCH OFF. 


THE CATHODE C“J TOGETHER, BE SURE | UNUSED PARTS. 

LEAD. THE LEADS OF THEY GO TO THE 
THE LED MUST BE CORRECT CONNECTION 

tnstalled correctly. Points, their 

insulated Portions 


I CAN touch. 


TO PROTECT VOUR SENSORS LAB, AND FOR BEST RESULTS, ALWAYS SW'',TCH THE POW'ER SWITCH 
TO OFF BEFORE BUILDING OR MOD'.FY'.NG A CIRCUIT. AFTER YOU BUILD A C'.RCUIT, CARE.RJLLY 
CHECK FOR ERRORS BEFORE SW'.TUH'.NG THE POWER BACK ON. 
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getting starthd: rhvihw what you havh learned 

YOU CAN BUlLDi Tf-E CIRCUITS IN THIS MANUAL IN ORDER OR RANDOMLY. SO YOU CAN QUICKLY 
LEARN HOW THE PROJECTS ARE PRESENTED, BEGIN WITH THE 5SS LED FLASf-ER ON PAGE 1?. 

TJ-E EXPLANATIONS BELOW SHOW HOW THIS AND MOST OTEER PROJECT PAGES IN THIS MAMJAL 
ARL ORGANIZED. WHILE DEIAlLLD ASSEMBLY 1NS1RUCI10NS ARE PROVIDED WI I H EACH PRO JLC 1 , 
EVENTUALLY YOU WILL BE ABLE TO BUILD TEE CIRCUITS STRAIGHT FROM TEE CIRCUIT DIAGRAMS. 
TIP; BE SURE TO COLLECT ALL THE PARTS BEFORE STARTING A CIRCUIT. 


EACH PROJECT PAGE HAS A TITLE BAR THAT 
DESCRIBES TFE PROJECT. A BRIEF INTRODUCTION 
BELOW TFE TITLE BAR EXPLAINS WHAT YOU WILL 
DO AND Learn. 




Parts you will 
need' lists all 
Parts except 
WIRES and those 

ON TFE CONSOLE. 


I 3UILQ 


LEU FlA£HER T^^AT RESPONDS TO TDLiUT~ 




you ARE ready to EU.LD “■ E TDUCr SENS'T.yE LED FLaC- .EC Ot. PAGE 1B- BUIlDING 
I-..S C.RCL,: MAL_ GWE YOU hE EkPERIENlE YDU M'U. HEED 10 ASSEMBLE [HE ^kCJECiS 
CtsCRiEED \'-i Tills HAnla_. T'-‘: CIRCL “ BUAL^U^G GOEs ‘jiLCH FAs“=E 'AIIEN YOU 
RRS[ CDLLECI A_L I HE PA-I I S YQU iA\L_ NEED. ALSO. 'iE SURE ID REUOyE A_L Llt^uSEC 
PAiTs W^CEs FROM THE BR=ADE.TA;D BEFORE BEG nKING. 


YOU ml ^EiED 


- - 

RJ-LCOt ^BR'-J-BL'i-YZL; 
1 - tYV! -'.-in + PT'J 

I ascui'i 'jiAG'.iAP.‘, 


GT1'_) 


RED OR GRElK led 


T ^1,^ T Oy + ^ M 


NOTE liJA- -Hl= r.lEClIlT MALI. 

FL.ASH E'“-ER A RED Ot A GREEh .ED 


'build the circuit] 

GIVES STEP-BY- v | 
STEP X 

INSTRUCTIONS. THH ^ 
FIRST STEP IS 
ALWAYS THE 
SAME; 

SWITCH OFF THE 
POWER. EVENJUALLYl 
YOU WILL BE ABLE 
TO BUILD THE 
CIRCUITS BY 
FOLLOWING TL€ 

CIRCUIT DIAGRAM. 


I i. ftUL.t: THE r.Htf.L'.T ' 


CONNECTION WIRES 
ARE ABBREVIATED 
TO SAVE SPACE; 

WH I - WHI IL 
RED = RED 
BLU = BLUE 
YEL = YELLOW 


1. □ IfllsH PT'aTR A'jD DlSrlAY MCDF SW.Trh‘-S i>F. 

2. □ JY=.:RT Tf^L :3b ACiCSS S.0“ LPlH C AT Jbl 
S- □ T>J^rRT 11 ACIO'^- fA FnD . l-T 

I. U It-JSHT RC ACROSS Gi AnD 

5- □ ^^■^-QT n ArPiDF.A and k^. 
b. □ insert lid across Gl RANOtlJ AnD 
M fAThCDHj. 

1 2 . the c\\i.cu\r 


□ CONNECT .IT “0 GKCil ND ^WhTI 
0 . □ CuN 4 EC“ J-:; to +■>■ GVHTA 
‘i. □ CONNECT k’l “0 1.7 lW-.t;. 

10. U CONNIC" MY “0 J? P.mTT 

11. □ CONNECT Sl^BlMCr ^ TO +TV tPElY!. 
iL. □ ZOANECT SpRuG t TO ■J^CCii. 


LHCli: V:jr '.VIRING for Ek-LORS. tC SUkC "l-I IC AND ■ HC LID AkE IMS'.AL^CD ,N "(l-lC 
r.ORCFCT UIB=;C“IDN. MjH^V YC I AG=; ?.!:?F tytRY“-HNG ,S COREtCT, PlIST T>-'h POMjER SMjITCH 
OH. PkGSS IHI ■ CJCM SiMSOR. AND IHt L^lD itGflNS 10 ‘‘LASH. I -.l; T.,ASH RAI C 
TjCCiASES AS YO:l HAGCtT PRDBI.=;MP SFt "^AGES 20 AND il FOR nEl.P. 


I GOING HuHTHER 


T-.,s C.PXLi" VAL. .ALSO REsPOrD TO LIGHT. P_sH THE FOViR OF". F.nD ThE sEk. 

SOB CARD 'ifHOTORES'STOB" AND T'lSERT IT INTO THF S-NSCR SOCuFT. kiC--E T-^r , 

RED W[RE AT S>R^..G ? TO SPRING I. MOyE THZ RED V.Pj: AT SPRING t TO sPROU i. '^L.ACZ 
T-.F CONSCIF IN A DaRPHN-D BiOM ANY PUS-^ TRH S’Jk^TCh TH'- .F.Y -I ASHFt. > 

T-.E led glows STEAD^LT SHlE.D 'T FROFji JGHT. SU(GH“.V IyCREASI^G “iZ UG^T .A“ 

THE i^HOTOR^SISTlM TNCB-ASES “hF HASH RATt^. 


f 


CIRCUIT DIAGRAM 
IS A SCFEMATIC 
DIAGRAM OF THE 
CIRCUIT YOU WILL 


BUILD. 





PARTS THAT 
MUST BE 

installed in a 

SPECIFIC DIRECTION 
ARE ILLUSTRATED. 

' TEST THE 

circuit" reminds 

YOU TO REVIEW 
YOUR WIRING FOR 
ERRORS BEFORE 
Pushing the 
Power switch 

ON. 


.Wl-EN TF€RE IS 
SPACE, 'going 
further' DESCR lBESl 
WAVS TO MODIFY 
THE CIRCUIT. 


THIS GENERAL PAGE LAYOUT IS USED TO PRESENT 
THE PROJECTS IN THIS MANUAL. WHEN YOU BUILD 
A PROJECT, YOU MIGHT WANT TO WRITE IN THE 
MARGINS ANY IDEAS AnD TlPS THAT YOU WILL 
WANT TO REMEMBER SHOULD YOU REVISIT THE 
PROJECT AT A LATER DATE. BE SURE TO CE€CK 
EACH STEP when YOU BUILD THE CIRCUIT. 
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TROUBLESHOOTING PROBLEM CIRCUITS 

VCUR CI^ClJITS SMOULD WORt THE FIRST TIME YOU PUSH THE POWER SWITCH ON IF YOU 
FOLLOW THE STEP-6Y-STEP I^]STRUCT10^S, USE THE CORRECT PARTS, AkO DOn'T BECOME 
RUSHED. BUT SOMETIMES A CIRCUIT WILL :YOT W'ORK PROPERLY. W'HILE THIS CA:Y BE 
FRUSTRATING, ITS A ROUTINE PART CF EXPERIMENTING WITH ELECTRONIC CIRCUITS. HERE's 
HOW' TO TROUBLESHOOT A PROBLEM CIRCUIT; 

1. Push the Power switch to the off position. 

2. BE SURE A ?-VCLT BATTERY IS IWSTALLEO IN THE CONSOLE. CHECR TO MAkE SURE IT IS 

installeo properly and that it is fresh. 

5. BE SURE THAT EXPOSED WIRE LEADS DO NOT TOUCH ONE ANOTHER. 

Y. THE W'lRE connection LEADS CAN SOMETIMES V/ORK LOOSE. BE SURE ALL THE LEADS ARE 

Fully inserted into the breadboard holes. 

S. CHECk TO MAkE SURE YOU DIDn't LEAVE OUT A PART OR WIRE. (THIS W'ONT HAPPEN IF 

YOU collect all the Parts before you build the circuit.) 

b. MA<E SURE YOU INSTALLED THE CORRECT PARTS. DOUBLE CHECk PART NUMBERS AnD 
RESISTOR COLOR CODES {.RED CAN LOOk LlkE ORANGEJ. IF THE NUMBERS ON TRANSISTORS AND 
ICS ARE HARD TO READ, HOLD THE PART UNDER A BRIGHT LIGHT. 

7. ELECTROLYTIC CAPACITORS, LEDS, TRANSISTORS AND INTEGRATED CIRCUIT^ MUST BE 
INSTALLED W'lTH THE LEADS OR P'.NS IN A SPECIFIC DIRECTION. BE SURE NONE OF THESE 
PARTS ARE INSTALLED BACKWARDS. 

£. ALL unused inputs CNOT OUTPUTS) OF THE YOU MUST BE CONNECTED TO GROUND OR THE 
Positive Pow'ER supply (+ voltage), a circuit may woRk if you don't do this, but 
unconnected inputs act LlkE TINY ANTENNAS THAT CAN SW'ITCH LOGIC CH'.PS OFF AnD 
ON. THIS CAN CAUSE ERRATIC OPERATION AND EXCESSIVE CURRENT DRAIN. 

9. Frequently used mechanical parts, LikE the console switches and 
potentiometers, tend to fail before components without moving parts, if a circuit 
doesn't respond when you turn the kNCB OF A potentiometer, try bypassing the 
potentiometer with two resistors. 

10. IF YOU TOOK shortcuts OR MADE CHANGES TO A CIRCUIT, TRY REBUILDING THE CIRCUIT 
EXACTLY AS SHOWN IN THE CIRCUIT DIAGRAM. MAkE CHANGES TC PROJECTS ONLY AFTER THE 
CIRCUIT IS W'ORklNG. 

11. li- THE CIRCUIT STlil FAll S TO WORK, CHECk THE CONNECTIONS OF t{ACH PIN OR lEAD 
AGAINST THE CIRCUIT DIAGRAM. IF the CIRCUIT USES AN IC, CHECk THE CONNECTIONS TO 

EACH Pin. begin at Pin i and w'ORk around the chip Pin by Pin. you will ouiCkLY find 
MISSING CR INCORRECTLY INSTALLED WIRES AnD PARTS. 

12. SOMETIMES YOU CAN FIX A CIRCUIT FASTER BY REBUILDING IT THAN BY TRYING TO FIND A 
WIRING ERROR. AS A LAST RESORT, REMOVE ALL THE WIRES AnD PARTS. MAkE SURE ALL THE 
PARTS ARE THE CORRECT ONES AnD START OVER. IF THE CIRCUIT STILL FAILS, A PART MAY 
BE BAD. TRY USING A SUSPECT TRANSISTOR CR IC IN A DIFFERENT CIRCUIT. IF THAT CIRCUIT 
FAILS TO WORK, THE TRANSISTOR CR IC MAY BE BAD. 
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MORE ABOUT SENSORS 

THE console of YOUR ELECTRONIC SENSORS LAB HAS THREE SENSORS FOR DETECTING 
ROTATION, TOUCH AnD MAGNETISM. ADDING A SMALL CYLINDER OF CONDUCTIVE FOAM PLASTIC 

converts the touch sensor to a pressure sensor. 

YOUR SENSORS LAB COMES WITH SIX PLUGHN SENSOR CARDS. ONE CARD IS A PROBE FOR 
DETECTING RESISTANCE CHANGES CAUSED BY WATER AND EVEN YOUR SKIN. THERE ARE TWO 
CAROS FOR DETECTING LIGHT AND ONE FOR DETECTING TEMPERATURE. THERE IS A CARD FOR 

detecting electromagnetic fields And a magnet switch card, tee compass PROVIDED 

WITH YOUR SENSORS UB IS ALSO A SENSOR. SO YOUR SENSORS UB HAS A TOTAL OF 11 
SENSORS. 

ACTUALLY THERE ARE MORE SENSORS THAN THESE. BEFORE MOVING ON TO THE PROJECTS, 
LET 'S LOOK AT HOW MANY OF THE PARTS PROVIDED WITH YOUR SENSORS UB CAN DOUBLE AS 
SENSORS. 

Potentiometer sEnsor: the console oF your sensors lab has three Potentiometers. 

THESE VARIABLE RESISTORS HAVE MANY USES AS SENSORS. HANG A ROD WITH A WEIGHT 

ON one End From the shaft oF a Potentiometer and you have a sEnsor that 
changes its resistance in response to acceleration or deceleration, if you mare 
THE rod long Enough, the Potentiometer becomes a seismometer that will change 
resistance vwhen the earth moves During an earthquake. Potentiometers are also 

VERY USEFUL POSITION AnD ROTATION SENSORS. 

speaker sensor: the speaker on your console can also Function as a sensor. 

NORMAllY A SKAKER EMITS SOUND. A SPF.AKER Will A1 SO GENERATE A SMAl L VOLTAGE IN 

response to sound. 

LED READOUT SENSOR: THE LED READOUT DOUBLES AS A VERY SENSITIVE RESISTANCE 
sensor, you can see how by PiishinCt the Power switcjh to on and the disP'_a,y mode 
SWITCH TO Dot. now bridge your index Finger across springs 19 and zo while 

WATCHING THE LED READOUT. THE MOVING DOT WILL MOVE DOWN WHEN YOU PRESS YOUR 

Finger on the two springs. Press a bit harder, and the moving dot will move Down 

MORE. THE LED READOUT IS ALSO AN EFFECTIVE VOLTAGE SENSOR. TRY THIS EXPERIMENT: 

1 . □ Push the Power switch to off. 3 . □ connect spring 15 to ground iredj. 

Z. □ connect spring 13 TO 4-9V CBLUJ. Y. □ CONNECT SPRINGS lY AnD 1^? (RED). 

ROTATE THE KNOB OF THE IDOK POTENTIOMETER ALL THE WAY TO THE RIGHT. THEN 
ROTATE THE lODK POTENTIOMETER TO THE LEFT WHILE WATCHING THE LED READOUT. 
eventually a MOVING LED WILL TRACK THE MOVEMENT OF THE POTENTIOMETER KNOB. SINCE 
THE center spring OF THE POTENTIOMETER IS PROVIDING A VARIABLE VOLTAGE TO THE 
READOUT MMEN you TURN THE KNOB, THIS EXPERIMENT SHOWS HOW THE READOUT ACTS LIKE 
A VOLTAGE SENSOR. THIS ALSO SHOWS HOW THE POTENTIOMETER ACTS LIKE A POSITION 
SENSOR. 

TRANSISTOR, LED AND SWITCH SENSORS; TFE NFW TRANSISTOR PROVIDED WITH YOUR SENSORS 
LAB CAN BE USED AS A TEMPERATURE SENSOR. THE RED AND GREEN LEDS CAN EE USED AS 
sensors that detect red and green LIGHT. EVEn THE POWER SWITCH CAN BE 

considered a simple Position sensor. 

AS YOU can see, many DIFFERENT ELECTRONIC PARTS CAN DOUBLE AS SENSORS. 
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USE A COMPASS TO DETECT MAGNETIC FIELDS 

YOU WILL USE THE LOM?ASS TO 5ETELT T(-e VAGNETIC FELL OF EARTH AnD A MAG^ET, ANL 
magnetize the wire LEAD OF AN LED, USING THE COMPASS TO VERIFY IT IS MAGNETIZED. 



PLACE THE COMPASS CK A FLAT SURFACE AWAY FROM W.ETAL OBJECTS. THE \ (NORTH) 
Pointer oF the cow, pass Points toward the earth’s magnetic north Pole, the 


magnetic north Pole is located in north Canada, not at the geographic north 
Pole, the angular Difference betw'EEn true north and magnetic north is called 
declination, depending on your LOCATION, DECLINATION CAN RANGE FROM A FRACTION OF A 
degree to more than degrees, topographic MAPs usually include a Diagram that 
SHOW'S BOTH TRUE NORTH AnD MAGNETIC NORTH FOR THE REGION COVERED BY THE MAP. 

A COMPASS pointer OR NEEDLE IS A MINIATURE MAGNET. SINCE THE NORTH POLE CF A 
magnet attracts ONLY THE SOUTH POLE OF ANOTHER MAGNET, HOW' CAN THE NORTH 
POLE OF A COMPASS BE ATTRACTED TO EARTH ’s MAGNETIC NORTH POLE? IT IS MORE 
CORRECT TO SAY THE EnD OF THE COMPASS POINTER THAT POINTS NORTH IS ACTUALLY THE 
NORTH SEEDING END OF THE COMPASS. BY CUSTOM, THE END OF A MAGNET THAT 
ATTRACTS THE NORTH POLE OF A COMPASS IS DEFINED AS THE MAGNET 's SOUTH POLE. 


2. DETECT A MAGNET S MAGNETIC RELD 


FLACF THF_ MAGNF.T OM ITS RIM ON A FLAT SURFACF.. PLACE THE COMPASS ON THE SAME 
SURFACE ABOUT 7 CM (ABOUT L.75 INCHES) FROM THE MAGNET A SOUTH POLE. THE NORTH 
POLE OF THE COMPASS POINTS TOWARD THE SOUTH POLE OF THE M.AGNET. MOVE THE 
COMPASS IN A circle WITH THE MAGNET AT ITS CENTER. W'HEN THE COMPASS IS ALIGNED 
WITH THE EDGES OF THE MAGNET, IT POINTS EITHER EAST OR WEST. WHEN THE COMPASS 
IS nearest the north pole of THE MAGMT, THE SOUTH POLE OF THE COMPASS POINTS 
TOV/ARD THE MAGNET. BE SURE TO <EEP THE MAGnET FROM TOUCHING THE COMPASS. THIS 
MAY CAUSE THE NORTH AnD SOUTH POLES OF THE COMPASS TO BECOME REVERSED. IF THIS 
OCCURS, TRY placing THE COMPASS ON TOP OF THE SOUTH SIDE OF THE MAGNET TO 

remagnetize the compass Pointer in the proper direction. 


3. MAGNETIZE THE WIRE LEADS OF A LED 


HOLD THE LED'S WIRE LEADS NEAR THE COMPASS. THE COMPASS PO'ATBR SHOULD NOT BE 
DEFLECTED. RUB THE EXPOSED SURFACE OF THE MAGNET (NORTH POLE) AGAINST THE 
TW'C LED LEADS 20 TIMES. RUB FROM THE DIRECTION OF THE EPOXY PACKAGE THAT HOLDS 
THE LED TO THE END OF THE W'lRE LEAD. RUB 20 TIMES IN THIS DIRECTION AND ALONG 
THE FULL LENGTH OF THE LEAD. HOLD THE ENDS OF THE TW'O LEADS NEAR THE COMPASS. 
THEY ATTRACT THE SOUTH END OF THE COMPASS POINTER. REPEAT THIS PROCEDURE, 
RUBBING THE OPPOSITE SIDE OF THE MAGNET (SOUTH POLE) AGAINST THE LED LEADS. NOW 

when you hold the lead Ends near the compass, they attract the north End of 

THE COMPASS POINTER. THIS PROCESS IS COMPLETELY REVERSIBLE. PROVE THIS BY AGAIN 
STROKING THE SOUTH POLE OF THE MAGNET AGAINST THE W'lRE LEADS. THIS EXPERIMENT 
WORKS WITH MANY DIFFERENT STEEL OBJECTS. IF YOU RUB A PAPER CLIP FROM THE CENTER 
TO one End, only that half of THE PAPER CLIP IS MAGNETIZED. THAT EnD OF THE 
PAPER CLIP ATTRACTS THE COMPASS POINTER, BUT THE OPPOSITE EnD MAY NOT. 
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USH A COMPASS TO DETHCT AN HLHCTRQMAGNt^TlC FIHLD 

YOU WILL MAKE A SIMPLE COIL. YOU WILL PLACE A PAPER CLIP INSIDE THE COIL, THEN 
DISCHARGE A CAPACITOR THROUGH THE COIL. THE RAPID SURGE OF CURRENT THROUGH THE 
COIL CREATES AN ELECTROMAGNETIC FIELD THAT MAGNETIZES THE STEEL PAPER CUP INSIDE 
THE COIL. THE PAPER CLIP THEN ATTRACTS THE POINTER OF A NEARBY COMPASS. THIS 
PROVES THAT THE PAPER CLIP HAS BEEN MAGNETIZED BY THE FLOW OF ELECTRICAL CURRENT 
THROUGH THE COlL. 


PARTS YOU \MLL NEED 

Rl-IK CBRN-BLK-REOJ 




C1-Y70 UF PAPER CUP 

YELLOW WIRE 


1. MAKE THE COIL 

wind A YELLOW CONNECTION WIRE AROUND A 
pencil, the COIL WILL HAVE AROUND S 
TURNS. BEnD the exposed WIRES AT EACH 
End of the COIL SO THEY ARE IN LINE AnD 
PROJECT OUTWARD FROM THE COIL. 


2. BUILD THE HRCUiT 

1. □ Push Power and display switches off. s. □ connect ki to +9V credj. 

□ INSERT Cl ACROSS R1 C+) AND GROUND {-). fe. □ CONNECT SPRING t. TO Q1 CRED>. 

3. n INSERT R1 ACROSS K2 AND R2. ?. □ INSERT JUMPER WIRE AT R3 (RED). 

Y. r insert the coil across Q5 and ground. 


5. TEST THE CIRCUIT I 

BE SURE THAT Cl IS INSTALLED IN THE PROPER DIRECTION. THEN SLIDE THE PAPER CLIP INSIDE 
THE COIL, and place THE COMPASS NEAR THE EnD OF THE PAPER CLIP. PUSH THE POWER 
SWITCH ON. TOUCH THE FREE EnD OF THE JUMPER WIRE TO SPRING b. THE COMPASS POINTER 
WILL IMMEDIATELY RESPOND TO THE MAGNETIC RELD THAT HAS BEEN GENERATED. 

REMOVE THE PAPER CLIP FROM TEE COlL AND HOLD ONE END NEAR TEE COMPASS. THE NORTH 
OR SOUTH POINTER OF TEE COMPASS WILL BE ATHRACTED TO TEE PAPER CLIP. REVERSE THE 
POSITION OF THE PAPER CLIP, AnD THE OPPOSITE POLE OF THE COMPASS WILL EE ATTRACTED. 


‘i. GOING RiRTHER 

MARK THE EnD OF THE PAPER CUP THAT ATTRACTS THE SOUTH POLE OF THE COMPASS. 
THIS IS THE NORTH POLE OF THE PAPER CLIP. NOW INSERT THE PAPER CLIP BACK INSIDE THE 
COIL and repeat the above experiment. W4^1CH POLE OF THE COMPASS NOW POINTS TO 
THE MARKED EnD OF THE PAPER CUP? REVERSE THE POSITION OF THE PAPER CLIP AnD REPEAT 
THE experiment. YOU WILL FIND THAT THE MAGNETIC POLARITY OF THE PAPER CLIP CAN BE 
EASILY REVERS.ED US1N(^ THE COIL. 
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USE A MAGNET TO SWITCH 
ON AN LEO 


USE A MAGNET TO ALTER 
THE BUZZER 

You WILL USE THE MAGNET TO SWITCH ON 
AN LED. 

use the magnet to cause the buzzer 

TO EMIT A TONE THAT DIFFERS FROM NORMAL. 

PARTS VOU WILL NEED 

1 PARTS YOU WILL NEED 


A 


n^Rl-i70 tVEL-VlO-BRNJ 


RED OR green led 




- HZ^ 

Rl-lOO (BRN-BI_k-BRN) 



GRCUIT DIAGRAM 


CIRCUIT DIAGOT 


+ '?v 



1. BUILD THE CIRCUIT 

□ Push Power and display switches 

OFF. 

2. □ insert magnet switch card. 

s. □ insert ri across spring 2 and HIO. 
N. u insert led across ml (ANODEJ and 
J fc (CATHODEJ. 

5. □ CONNECT JIO TO GROUND CWTJ. 
b. □ CONNECT SPRING 1 TO +-^V CWITJ. 





1. BUILD THE CIRCUIT 

1. n Push the Power and display 

SWITCHES OFF. 

2. □ insert magnet switch card. 

5. □ INSERT Rl ACROSS Cb AnD ^■YV. 

Y. □ connect spring 1 TO tWHTJ. 

5. □ connect spring 2 TO C8 (WHTJ. 
b. U CONNECT SPRING 21 TO CIO (REDJ. 

7. □ CONNECT SPRING 22 TO GROUND (BLUJ. 


2. TEST THE CIRCUIT 

CHECK FOR ERRORS. PUSH THE POWER 
SWITCH Up, and the led WILL BE OFF. 
PLACE THE magnet NEAR THE MAGnET 
SWITCH CARD, AnD THE LED WILL GLOW. 
SWING THE magnet PAST THE MAGNET 
SWITCH CARD LIKE A PEnDuLuM TO FLASH 
THE LED ON and OFF. 


2. TEST THE CIRCUIT 

CHECK FOR ERRORS. PUSH THE POWER SWITCH 

Up, And the Buzzer will sound, place 
THE magnet near THE MAGnET SWITCH 
CARD, and the buzzer's TONE WILL 
change distinctly, swing THE MAGNET 
PAST THE magnet SWITCH CARD LIKE A 
FEnDulum For neat effects. 














USE A MAGNET TO SWITCH 
AN LED OFF 

YOU WILL USE THE MAGNET TO SWITCH 
AN LED OFF. 



USE A MAGNET TO SWITCH 
THE BUZZER OFF 

YOU WILL USE THE MAGNET TO SILENCE THE 
BUZZER. 


PARTS YOU \MLL NEED 

Rl-150 tBRN-GRN-BRNJ 



GRCUiT DIAGRAM 


CIRCUIT DIAGRAM 






M-ASMET 


+ 9v 



1. BUILD THE CIRCUIT 

1. □ Push Power and display switches 

OFF. 

1 . □ insert magnet switch card. 

3. n insert R 1 across H5 and 
Y. r insert led across H3 (ANODEJ 
and L3 tCATHODEj. 

5. r connect L5 to ground (\MYTJ. 
b. □ connect spring 1 TO hi (REDJ. 

?. □ connect spring 2 TO GROUND 
tBLUJ. 


1. BUILD THE CIRCUIT 

1. □ Push Power and display switches off. 

2 . n insert magnet switch card. 

3. □ INSERT R1 ACROSS C5 AnD +9\/. 

Y. □ connect spring 1 TO Cl (WHT). 

S. □ connect spring 2 TO GROUND (BLU). 
b. □ connect SPRING 21 TO C5 (RED). 

7. U connect spring 22 TO GROUND (BLUJ. 


2. TEST THE CIRCUIT 

check For Errors. Push the Power 
SWITCH up. And the led WILL GLOW. 
PLACE THE magnet NEAR THE MAGNET 
SWITCH CARD, AnD THE LED WILL SWITCH 
OFF. SWING THE MAGnET BACK AnD 
FORTH BY THE MACnET SWITCH CARD 
LIKE A pendulum, and THE LED WILL 

Flash off and on. 


2. TEST THE CIRCUIT 

CHECK FOR ERRORS. PUSH THE POWER SWITCH 

Up, and the buzzer will sound. Place 
THE magnet near THE MAGNET SWITCH 
CARD, and the buzzer WILL STOP. SWING 
THE magnet back AnD FORTH BY THE MAG 
net switch CARD, AnD THE BUZZER WILE 
EMIT A SERIES OF PULSES. 
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I. BUILD THE CiRCUiT 


□ Push Power anE) Display switches oFF. 


5. 

Y. 


i,. 


□ Insert magnet switch card in the 

ScNSCR SOCKET. 

□ insert 272 IC ACROSS SLOT (Pin 

□ insert R1 across L2 and M2. 

□ insert R2 across RN and J7. 

R3 ACROSS (a And ml 
RY across H2 and +W- 

R5 ACROSS J3 AnD T3- 


1 AT SS). 


c insert 
?. □ insert 
8. □ insert 


9. □ insert red led across ti canoDEj 

and ground tCATHODEj. 

10. □ Insert green led across hi 

CAnODE) And J1 (CATHODE). 

11. □ connect mn to ground CWHT). 

12. □ connect JIO to CWHT). 

15. □ connect spring 1 to +<?V (\MHT). 
li. □ connect spring 2 TO LY (RED). 


2. TEST THE gRCUlT 


CHECK THAT THE CIRCUIT IS SUILT CORRECTLY. SPREAD THE RESISTOR LEADS AND GREEN LED 
OUTWARD SO THEY DO NOT TOUCH. PUSH THE POWER SW'ITCH ON AnD THE GREEN LED 
GLOWS. PLACE THE MAGNET NEAR THE MAGNET SW'ITCH CARD. THE GREEN LED DIMS AnD 
THE RED LED GLOWS. LISTEN W'HEN YOU PlACE THE MAGNET NEAR THE MAGNET SWITCH 
CARD. A METALLIC CLICK SOUNDS EACH TIME THE SWITCH RESPONDS TO THE MAGNET. 


3. GOING FURTHER 


REVISE THE CIRCUIT SO THAT THE GREEN LED IS OFF MWEn THE RED LED IS GLOWING. 

1 . □ Push Power and display switches off. 3 . □ move red wire at ly to ns. 

2 . □ remove the red led. y. □ Insert red led across ny canoDEj 

and LY (CATHODE). 

MAKE SURE none Or THE LEADS ARE TOUCHING. PUSH THE POWER SWITCH ON. PLACE THE 
magnet near the magnet switch card and the RED LED GLOWS. NOTE THE GREEN LED 

IS off W'HEN the red led is glowing. 
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BUILD A FERROUS METAL DETECTOR 

YOU WILL BUILD A SIMPLE CIRCUIT THAT INDICATES WHEN A FERROUS METAL (STEEL OR 
IRONJ IS PLACED BETWEEN] THE MAGNET AND THE MAGNET SWITCH. NORMALLY A RED LED 
GLOWS, when ferrous METAL IS PRESENT THE LED SWITCHES OFF. 


PARTS YOU WILL NEED 



R1-Y70 (YEL-VIO-BRNJ 


RED LED 



CIRCUIT DIAGRAM 



1. BUILD THE CIRCUIT 

1. □ Push Power and display switches off. 

2. □ insert magnet switch card in the 
sensor socket. 

3. □ INSERT R1 ACROSS PlO AND TID. 

Y. c insert Led across u (AnodEj and 

GROUND (CATHODE). 

5 . U CONNECT SPRING 1 TO (WHTj. 
t. □ CONNECT SPRING 2 TO Pt. (RED). 


2. TEST THE CIRCUIT 

CHECK YOUR WIRING FOR ERRORS, THEN PUSH THE POWER SWITCH ON. PLACE THE MAGNET 

NEAR THE MAGNET SWITCH CARD. THE LED GLOWS. RND A PIECE OF STEEL OR IRON SUCH 
AS SCISSORS, TWEEZERS, OR A STEEL RULER. HOLD THE MAGNET SO THAT THE LED GLOWS, 
THEN PLACE THE STEEL OBJECT BETWEEN THE MAGNET AND THE MAGNET SWITCH CARD. 

THE LED STOPS GLOWING IF THE OBJECT IS STEEL. THIS TEST CAN BE A LITTLE TRICKY, 
BECAUSE THE MAGNET WANTS TO JUMP TOWARD THE STEEL OBJECT. HOLD BOTH THE MAG- 
NET and the steel object FIRMLY IN PLACE TO AVOID THIS FROM HAPPENING- FOR BEST 
RESULTS, experiment WITH THE MAGNET LOCATION. YOU MIGHT FIND THAT THE MAGNET 
SWITCH responds better MWEn THE MAGNET IS LOCATED SLIGHTLY TO ONE SIDE RATHER 
THAN DIRECTLY IN FRONT OR IN BACK OF THE MAGnET SWITCH. YOU CAN ALSO USE THE 
REMOTE LINK TO MOVE THE MAGNET SWITCH TO A DIFFERENT LOCATION. 

REPEAT THIS TEST USING VARIOUS NON-FERROUS MATERIALS, SUCH AS ALUMINUM FOIL, A 
WOOD OR PLASTIC RULER, AnD FABRICS. THE LED STAYS ON MWEn ALL THESE MATERIALS ARE 
PLACED between THE MAGNET AnD THE MAGNET SWITCH CARD. THESE TESTS ARE EASY TO 
DO since the magnet IS NOT ATTRACTED TO NON-FERROUS OBJECTS. 


5. GOING Further 

THIS PROJECT CAN BE USED TO MAKE A VERY SENSITIVE MOVEMENT OR VIBRATION DETECTOR. 
A STEEL RULER MAKES A GOOD FERROUS OBJECT. MOUNT THE RULER ON A FIXED OBJECT, 
and place the console so that the ruler FACES THE FRONT OR BACK SIDE OF THE 
MAGNET SWITCH CARD. HOLD THE MAGNET FIRMLY IN PLACE, AND ADJUST THE CONSOLE SO 
THAT THE RULER COMES BETWEEN THE MAGNET SWITCH AND THE MAGNET. CAREFULLY MOVE 
THE CONSOLE SO THAT THE LED SWITCHES OFF. NOW A SLIGHT MOVEMENT OF THE RULER 
OR THE CONSOLE CAUSES THE LED TO GLOW. 



BUILD A BUZZER 

BUILD AN LED VIBRATION 

VIBRATION DETECTOR 

DETECTOR 


YOLJ WILL iJSE THE WAGNET AMD THE YOU WILL USE THE MAGNET AND THE MAGNET 

MAGNET SWITCH TO ACTl'/ATE THE BUZZER SWITCH TO ACTIVATE AN LED IN RESPONSE TO 
IN RESPONSE TO VIBRATION. VIBRATION. 


PARTS VOU WILL NEED 


PARTS VOU WILL NEED 


< ;ti 

i 




R1-H70 (YEL-VIO-BRN) 





CIRCUIT DIAGRAM 


RED L£D 


CIRCUIT DIAGRAM 





I. BUILD THE CiRCUiT 

1. □ Push Power anD Display switches oFF. 

2. □ Insert magnet switch card in the 

sensor socket. 

5. □ connect spring 1 TO t-9V (WHT). 

Y. □ connect springs 2 AnD 21 tWHT). 

E. □ connect spring 22 TO GROUND CBLU). 


1. BUILD THE ClRCUiT 

□ Push Power and display switches off 

2. n insert magnet switch card in the 
sEnscr socket. 

5. □ INSERT SI ACROSS PlC AND TlO. 

Y. □ Insert Led across Tb (AnoDEj and 
GROUND (CATHODEj. 

S. □ connect spring 1 TO 4YV CWHTJ. 
b. □ connect spring 2 TO Pfc (RED). 


2. TEST THE ORCUITS 

CHECK YOUR WIRING FOR ERRORS. PUSH THE POWER SWITCH ON. PLACE THE CONSOLE UNDER A 
BOOKSHELF OR OTHER STEADY PLACE WHERE YOU CAN HANG THE MAGNET. TIE OR TAPE THE 
END OF THE MAGNET STRING TO THE OBJECT AND MOVE THE CONSOLE SO THAT THE 
magnet is near the magnet card, when the buzzer sounds or the led GLOW'S, 

MOVE THE console JUST FAR ENOUGH WAY TO SWITCH IT OFF. THE BuZZER WILL NOW 
sound or the led will GLOW W'HEn THE SLIGHTEST VIBRATION CAUSES THE MAGnET OR 
THE console to MOVE. 
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USH A MAGNET TO BUILD A PHNDULUM METRONOME 

YOU WILL connect THE MAGNET SWITCH CARD BETWEEN A SIMPLE 555 OSCILLATOR AnD 
THE POWER SUPPLY M VOLTSJ. YOU WILL Tf-EN SWITCH THE OSCILLATOR ON AnD OFF BV 
SWINGING THE MAGNET PAST THE MAGNET SWITCH CARD TO FORM A PEnDULUM METRONOME. 


PARTS YOU WILL NEED 


' A 


— 


e 7 5 

n n n n 




□ SSS 


— 

— 


U u LI U 

L 2. 1 


R2-IDK (.BRN-6LK-ORG) 
R3-270 (RED-VIO-BRN) 



Cl-0.1 UF yOYJ 



GRCUiT DIAGRAM 


THE magnet is strongly 
ATTRACTED TO THE STEEL 
SPRINGS ON THE CONSOLE. 
YOU WILL need to AV'OlD 
THE SPRINGS when YOU 
SWING THE magnet. 



1. BUILD THE CIRCUIT 


1. □ Push the Power and display switches off. 

2. □ insert magnet switch card in tee sensor 
socket. 

5. □ INSERT 555 IC ACROSS SLOT (PlN 1 AT Q5J. 

Y. C insert R2 across RIO AnD SIO. 

5. c Insert R3 across spring z3 and aio. 

5. □ insert Cl ACROSS Q1 AnD R1. 
t. □ connect Q5 to ground (WHTL 


7. □ CONNECT RY TO S? CWHTJ. 
a. □ CONNECT TY TO Q7 (WHTJ. 

9. □ CONNECT QIO TO At tREDj. 

10. □ connect spring 1 TO 4-9V (WHTJ. 

11 . n connect spring 2 to A8 (RED). 

12 . r connect spring 15 to R? (RED). 

13 . □ connect spring 1 Y to T 3 (RED). 

lY. □ connect spring 2Y TO SY (RED). 


2. TEST THE CIRCUIT 

CHECK YOUR WIRING F(DR ERRORS. HOLD THE MAGNET NEAR THE MAGNET SWITCH CARD AnD 

Push the Power switch on. you i-ear a toi^e. while holoimg the magnet in place, 

ADJUST lOOK CONSOLE POT R1 FOR THE BEST SOUND. WHEN YOU MOVE THE MAGNET AWAY 
FROM THE MAGNET SWITCH CARD, THE TONE CEASES. THE SOUND RETURNS WHEN YOU PLACE 
THE MAGNET BY THE MAGNET SWITCH CARD. HOLD THE MAGNET BY ITS STRING AND SWING 
IT BACK And forth PAST THE MAGNET SWITCH CARD. EACH TIME TEE MAGNET PASSES TEE 
CARD, THE MAGNET SWITCH IS ACTIVATED AND YOU HEAR A TONE. A SIMILAR EFFECT OCCURS 
when you swing THE MAGNET TOWARD AnD AWAY FROM THE MAGNET SWITCH CARD. 


5. GOING FURTHER 

YOU CAN convert THE ON-OFF OPERATION OF THIS CIRCUIT INTO A " TWEE-DELL " EFFECT. 
WEEN TEE MAG^ET IS AWAY, TEE RRST TONE SOUNDS. WHEN TEE MAGNET IS NEAR TEE 
SWITCH CARD, YOU HEAR THE SECOND TONE. YOU NEED RY, A lOOK RESISTOR (BRN-BLK-YELJ. 

1 . □ Push Power and display switches off. 3 . □ insert ry across js and rb. 

2. □ MOVE RED WIRE AT A8 TO JIO. Y. □ CONNECT AS TO +?V (WHTJ. 

REPEAT TEE PENDULUM EXPERIMENTS DESCRIBED ABOVE. 
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HOW TO USE THE ROTATION SENSOR 


THE RCTATlOiM SEnSOR MOUNTED ON THE CONSOLE OF YOUR ELECTRONIC SENSORS LAB IS A 
SMALL DC (DIRECT CuRREnTJ ELECTRIC MOTOR. A RNOB IS CONNECTED TO THE MOTORS 
SHAFT. THE MOTOR WILL PRODUCE ELECTRICITY AHEN YOU MANUALLY SPIN ITS SHAFT. 
THEREFORE, A DC MOTOR CAN DOUBLE AS A SMALL ELECTRICAL GENERATOR. SINCE THE 
POLARITY OF THE VOLTAGE AT SPRING 5 IS POSITIVE WHEN THE SHAFT IS SPUN TO THE 
RIGHT (CLOCRW'.SEJ, THE MOTOR CAN SENSE ROTATION. PAGES 35-55 HAVE SOME NEAT 
APPLICATIONS FOR THE ROTATION SENSCR. FIRST, TRY THESE BASIC CIRCUITS. 


BUILU AN AUDIO OU' 
ROTATION sensor 


THIS SIMPLE CIRCUIT EMITS CLICKS WHEN THE 
ROTATION SENSOR SHAFT IS SPUN. 


BUILD AN LED OUTPUT 

ROTATION SENSOR 

THIS SIMPLE CIRCUIT FLASHES A GREEN LED 
WHEN THE ROTATION SENSOR SHAFT IS 
SPUN. 



1. □ connect springs 5 And 23 (BLUJ. 1 . □ CONNECT SPRINGS 3 AnD 25 tBLUJ. 

2. n connect SPRINGS Y AND 2Y (BUJJ. 2 . □ CONNECT SPRINGS Y AND 2i= (.BLUJ. 


3. □ INSERT LED ANODE AT SPRING 2fi. 

Y. □ INSERT LED CATHODE AT SPRING 2?. 


2. TEST THE GRCUIT 

PLACE YOUR EAR NEAR THE SPEAKER WHILE 
SPINNING THE ROTATION SENSOR KNOB WITH 
YOUR INDEX FINGER. YOU WILL HEAR A 


SERIES Or CLICKS WHEN THE SENSOR IS 
ROTATED IN EITHER DIRECTION. THE 
ROTATION SENSOR PRODUCES A POSITIVE 
VOLTAGE AT SPRING 3 VW4 En THE SENSOR IS 
SPUN TO THE RIGHT. A NEGATIVE VOLTAGE 
IS PRODUCED when THE SENSOR IS SPUN TO 
THE LE.tt. the clicking SOUNDS ARE THE 
SAME FOR BOTH DIRECTIONS. 


2. TEST THE CIRCUIT 

Dim the room lights at your console 

AND SPIN THE ROTATION SENSOR. THE LED 
WILL FLASH WHEN YOU SPlN THE SENSOR TO 


THE LEI-T (COUNTER-CLOCK WISE J. 

transformer ti is used to boost the 

TINY VOLTAGE FROM THE SENSOR TO A 
LEVEL THAT WILL DRIVE THE LED. 
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BUID A DIRECTIQK OF ROTATION SENSOR 

IS A ROBOT TURNING LEFT OR RIGHT? IS A CONVEYOR BELT MOVING IN THE RIGHT DIRECTION 
OR BACKWARDS? THIS CIRCUIT SHOWS A VERY SIMPLE WAY TO RnD OUT. USE THE ROTATION 
sensor to build a circuit that LIGHTS A RED LED WHEN THE SENSOR IS ROTATED IN ONE 
DIRECTION and a green LED WHEN THE SENSOR IS ROTATED IN THE OPPOSITE DIRECTION. 


PARTS YOU \AALL NEED 


Q 1 b S 

n n n n 
□ 2.72. 
h_ru Li u 

I. 2. 3 ^ 


AHT 




Rl-lOK tBRN-BLK-ORGJ I RED LED 

R2 100 (BRM BLK BRN) 1 GREEN LLD 

R5, RY-IK tBRN-BLK-REDJ 


CIRCUIT DIAGRAM 





Red 

LED 


GREEhJ 

UED 


led 



1. BUILD THE CIRCUIT 


1. □ Push Power and Display switches oFF. 

2. □ INSERT 272 1C ACROSS SLOT (PlN 1 AT 
J5J. 

5. □ INSERT R1 ACROSS AY AND KY. 

Y. C insert R2 across J1 AnD K1. 

5. C insert R5 ACROSS II AnD +9V 

k. □ insert RY across and T5. 


7. □ INSERT RED LED ACROSS 12 (ANODE) 

and J2 (CATHODE). 

8. □ INSERT GREEN LED ACROSS T2 (ANODE) 

AND GROUND (CATHODE). 

■?. □ CONNECT Ml TO GROUND (WHT). 

10. □ CONNECT JIO TO +-^V (WHT). 

U. □ CONNECT SPRING 3 TO A5 (RED). 

12. n connect SPRING Y TO Ll (RED). 


2. TEST THE CIRCUIT 

CHELk YOUR WIRING FOR ERRORS. BE SURE THE RED 1 ED t EADS AND FOUR RESISTORS DO NOT 

touch. Push the Power switch on. both leds glow, turn the rotation sensor knob 
counter-clockwise, the green led glows, and the red led flickers, turn the knob 

FASTER. THE GREEN LED GLOWS AnD THE RED LED SWITCHES OFF. ROTATE THE SENSOR 
KNOB CLOCKWISE. THE RED LED GLOWS, AnD THE GREEN LED STAYS OFF, INDICATING WHEN 
THE sensor is being ROTATED IN THE PROPER DIRECTION. OTHERWISE BOTH LEDS GLOW. 


5. GOING FURTHER 

YOU CAN SWITCH THE LEDS SO RED INDICATES Tf-E SENSOR KNOB IS BEING ROTATED IN Tt-E 
PROPER DIRECTION. CHANGE THE DIRECTION FROM CLOCKWISE TO COUNTER-CLOCKWISE BY 
SWITCHING THE RED WIRES AT SPRINGS 3 AnD Y. YOU CAN CAUSE THE LEDS TO FADE IN 
(GRADUALLY TURN ON) AFTER THE ROTATION SENSOR IS NOT ROTATED. INSERT A 0.1 UF (lOY) 
CAPACITOR ACROSS AS AnD +9 VOLTS. ROTATE THE ROTATION SENSOR TO THE LEFT AnD 
THE GREEN LED GLOWS. STOP THE ROTATION AND THE RED LED GRADUALLY GLOWS. ROTATE 
THE SENSOR TO THE RIGHT AND THE RED LED GLOWS. STOP THE ROTATION AND THE GREEN 
LED GRADUALLY GLOWS. 
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BUILD A BARGRAPH D>!RECT10N OF ROTATION INDICATOR 

THE RCTATlOiM SENSOR PRODUCES A POSITIVE VOLTAGE WHEK ROTATED CLOCKW1 SE)AnD A 

negative voltage W/HEN rotated counter-clocicwse. you will co\weot the bargraph 

READOUT TO THE 111 OPERATIONAL AMPLIFIER TO INDICATE THE DIRECTION OF ROTATION. 


PARTS YOU WILL NEED 


a T s 
n n n n 

□ 2.72, 

u u u u 
1 L 3 H 


^ 111-1 - 
Rl-lOO cern-blk-brnj 

R5-1K (BRN-BLK-REDJ 
R^t-lOK (ERN-ELK-ORGJ 


CIRCUIT DIAGRAM 


+ 9V 


+ <?V 



1. BUILD THE CIRCUIT 


1. □ Push Power And display switches off. 

2. n insert 272 IC ACROSS SLOT (PlN 1 AT J5J. 

5. □ insert R1 across A5 AND L3- 

Y. □ insert R5 ACROSS KY AND GROUND. 

5. r insert RY across J1 AND KL 

b. C connect Ml TO ground (WHT). 

7. I I connect JIO TO +^JV (WHTJ. 


a. □ CONNECT SPRING 3 TO A5 CREDJ. 

□ CONNECT SPRING Y TO GROUND (BLUJ. 
ID. n CONNECT SPRING 13 TO (SLUJ. 

11. □ connect spring 1Y TO Ll (RED). 

12. □ connect spring 15 TO GROUND (RED). 

13. □ connect spring 19 TO JY (RED). 


2. TEST THE CIRCUIT 


CHECK .^OR V/IR'.NG ERRORS. PUSH THE POWER SWITCH ON AnD THE DISPLAY MODE SWITCH TO 
DOT. ROTATE IflCk CONSOLE POT R2 SO THAT THE NUMBER 5 OR b LED GLOWS. NOW ROTATE 
THE rotation SENSOR KNOB TO THE RIGKT (CLOCKWISE). SEVERAL FLICKERING READOUT DOTS 
MOVE Up, INDICATING A POSITIVE VOLTAGE. ROTATE THE SENSOR KNOB TO THE LEFT 
(COUNTER-CLOCKWISE). SEVERAL FLICKERING READOUT DOTS MOVE DOWN TO INDICATE A 
negative voltage, note THAT TURNING THE KNOB MORE RAPIDLY CAUSES THE CLUSTER OF 
DOTS TO MOV.'E FURTHER UP OR DOWN. THUS, THIS CIRCUIT INDICATES DIRECTION OF 
ROTATION while PROVIDING A GENERAL IDEA OF THE SPEED OF ROTATION. TRY OPERATING 
THE CIRCUIT when THE DISPLAY MODE SWITCH IS SET TO BAR. ADJUST R2 SO THAT LEDS 
1-5 GLOW'. ROTATE THE SENSOR KNOB TO THE RIGHT, AnD THE COLUMN OF GLOWING LEDS 
MOVE UP. ROTATE THE SENSOR KNOB TO THE LEFT, AND THE BAR MOVES DOWN. 


5. GOING Further 

YOU CA.N REVERSE THE OPERATION OF THIS CIRCUIT BY SIMPLY SWITCHING TN£ TWO W'lRES AT 
SPRINGS 3 AND Y. NOW THE READOUT L'EDS WILL MOVE DOW'N INSTEAD OF UP WHEN THE 
sensor knob is rotated to THE RIGHT. 
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BUILD AN AUDIO OUTPUT ROTATION SENSOR 

^/ARIOUS electronic AnD MECHANICAL DEVICES CAN MEASURE HOW FAST AN OBJECT IS 
ROTATING. VOU WILL CONNECT THE ROTATION SENSOR TO A 555 TIMER CONNECTED AS AN 
AUDIO OSCILLATOR. THE OSCILLATION TONE WILL CHANGE NOTICEABLY WHEN THE SENSOR 
KNOB IS ROTATED IN LITHER blRLCMON. 



1. BUILD THE CIRCUIT 


1. □ Push Power and display switches off. 

2. □ insert 555 IC ACROSS SLOT (PlN 1 AT J5J. 

3. n INSERT Cl ACROSS J1 AnD KL 

Y. r insert R3 ACROSS KID AND LID. 

5. r insert RY across Cfc AND WV. 
b. □ connect J2 to ground tWWTL 
?. n connect Jio TO i-w cwf-ro. 
a. □ connect ky to l? (whtj. 


Y. □ CONNECT MY TO J7 (WHT). 


ID. n connect 

11. □ connect 

12. □ connect 

13. □ connect 
lY. n connect 
L5. n connect 
]io. □ connect 


SPRINGS 3 and id (BLU). 
SPRING Y TO ground tBLUJ. 
SPRING 11 TO M7 (&LUJ. 
SPRING 1? TO WV (BLUJ. 
SPRING lb TO K9 (BLU). 
SPRING 23 TO CIC (RED). 
SPRING 2Y TO LY CREDj. 


2. TEST THE CIRCUIT 


check for errors. Push the Power switch uP. you will hear a tone from the 

SPEAKER. ROTATt IDK CONSOLE POT R1 ALL Tl€ WAV TO T^€ RIGETT. ADJUST IM CONSOLE 


Pot R2 until the tone has a high frequency, now spin the rotation sensor knob to 


THE RIGHT. THIS WILL CAUSE THE FREQUENCY OF THE TONE TO RISE. NEXT, SPlN THE 
ROTATION sensor KNOB TO THE LEFT. THE FREQUENCY OF THE TONE WILL FALL. EXPERIMENT 
WITH THE setting OF R1 FOR BEST RESULTS. IF YOU ROTATE R1 ALL THE WAY TO THE 
RIGHT, THE TONE WILL BECOME A CHIRP EACH TIME YOU ROTATE THE SENSOR KNOB. 


GOING FURTHER 


THIS CIRCUIT USES THE CONTROL INPUT OF Tf€ 555 (PIN 5J. WHEN PIN 5 IS LEFT OPEN 
(UNCONNECTF.D), ThF_ ClRl'UIT OSl'lLUTES AT A FREQUENCY DETERMINED BY Cl AnD R2. A.PPlY 
ING A VOLTAGE TO PIN 5 ALTERS THIS FREQUENCY. IN THIS CIRCUIT, THE ROTATION SENSOR 
APPLIES A VARIABLE VOLTAGE TO PIN 5. 
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BUILD AN ELECTROMAGNETIC SIGNAL RECEIVER 


YOU WILL USE THE INDUCTION COIL AS A SENSOR FOR A CIRCUIT THAT CONV/ERTS 
electromagnetic FIELDS INTO SOUND. USE THE CIRCUIT TO DETECT THE ELECTROMAGNETIC 
FIELDS FROM A TELEPHONE RECEI^/ER AND OTHER ELECTROMAGNETIC FIELDS. 



1. BUILD THE CIRCUIT 


1 . □ INSERT INDUCTION COIL IN SEnSOR SOCKET, n. □ CONNECT N7 TO tREDj. 

2 . □ Insert 272 ic across slot (Pin 1 at cs). 15, □ connect spring 2 to ground (Blu). 

3 . □ Insert 3afc ic across slot (Pin 1 at ls). □ connect spring 10 to ci (Bluj. 

Y. □ insert R2 across CY AnD DY. 15 . □ CONNECT SPRING U TO NY (REDj. 

3. □ insert Cl ACROSS SPRING 1 AnD Dl. It. □ CONNECT SPRING 12 TO GROUND (RED), 

b. □ insert C2 across C3 AnD D3- 17. n connect spring 13 TO +W (BLU). 

7. □ INSERT C5 ACROSS 03 (+J AnD KS (-). 1^. n CONNECT SPRING lY TO El (BLU). 

8. □ CONNECT Fl AND GROUND (RED). 1<5. □ CONNECT SPRING 15 TO GROUND 


■?. □ CONNECT CIO TO 4-W (WHT). (rED). 

10. □ CONNECT Ml TO GROUND (WHT). 20. □ CONNECT SPRING 23 TO klO (RED). 

11. □ CONNECT 01 TO GROUND (WHT). 21. n CONNECT SPRING 2Y TO GROUND 


(RED). 


2. TEST THE CIRCUIT | 

CHECK YOUR CONNECTIONS AnD THAT THE BARE LEADS OF THE COMPONENTS DO NOT TOUCH. 
ROTATE lOK console POT R3 AnD 100k POT R1 ALL THE WAY TO THE LEFT. BEFORE YOU 

Push the Power switch on, place the console near a computer monitor or tv set, or 

RLACE A TELEPHONE RECEIV'ER NEAR THE INDUCTION COIL CARD. PUSH THE POWER SWITCH ON. 
ROTATE R3 SLIGHTLY TO THE RIGHT, THEK ROTATE R1 UNTIL YOU HEAR A BUZZ. ADJUST 
R1 UNTIL THE BUZZ SOUNDS BEST. USE R3 AS A MOLUME CONTROL TO ADJUST THE SOUND. 


5. GOING FURTHER 

ON PAGE 37 YOU W'ILL ADD THE LED BARGRAPh READOUT TO THE CIRCUIT. 
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km AN LEC> BARGRAPH READOUT TO THE ELECTROMAGNETIC 
SIGNAL RECEIVER 

YOU WILL USE THE SECOND AMPLIFIER IN THE Z7Z TO DRIVE THE LED BARGRAPH READOUT. 

THE READOUT SERVES AS A SIGNAL STRENGTH INDICATOR. YOU WILL ALSO PERFORM VARIOUS 
EXPERIMENTS WITH THE ELECTROMAGNETIC SIGNAL RECEIVER. 


PARTS YOU WILL MEED 


— 

RY-IK tBRN-BLRHREDJ 
R5-3.31C (ORG-ORG-REDJ 
Rfc-IOOK (&RN-BLK-VEU 



CY-1 UF 


CS^.l UF aoY) 


CIRCUIT DIAGRAM 


TO Pin 5 OF sat. 



1. MODIFY THE CIRCUIT ON PAGE 5b. 


BEFORE STARTING, ADJUST THE CIRCUIT ON PAGE FOR TFE BEST RESULTS. 


1 . □ Push Power and display switches off. s. n insert cy across jia to and fio i-y 

1. □ insert RY across F2 and F7. b. □ INSERT C5 ACROSS FY AnD D?. 

5. □ insert RS across F3 AnD E7. ?. □ CONNECT 07 TO J? tWYTJ. 

Y. C insert Rfc ACROSS 010 AND ElO. 8- □ CONNECT SPRING lY TO DS (RED). 

2. TEST THE CIRCUIT 

CFECK FOR ERRORS. BE SURE THAT THE BARE LEADS OF THE COMPONENTS DO NOT TOUCH. 
PLACE THE console NEAR A COMPUTER MONITOR OR OTHER SOURCE OF ELECTROMAGNETIC 

radiation. Push the Power switch on. you h€AR a buzz from t^€ speaker as before. 

IF NOT, ADJUST THl= CIRCUIT AS DESCRIBED ON PAGl= 3b AnD TRY AGAIN. WEEN TFE [CIRCUIT 
IS WORKING PROPERLY, PUSH TFE DISPLAY MODE SWITCH TO BAR. WATCH THE BARGRAPH 
WHILE MOVING THE CONSOLE AWAY AnD TOWARD THE SOURCE OF ELECTROMAGNETIC 
radiation, the row OF GLOWING LEDS RISES WHEN YOU MOVE THE CONSOLE TOWARD THE 
ELECTROMAGNETIC SOURCE AND FALLS WHEN YOU MOVE THE CONSOLE AWAY. 


5. GOING FURTHER 

YOU CAN PERFORM MANY EXPERIMENTS WITH YOUR ELECTROMAGNETIC RECEIVER AnD ITS 
SIGNAL strength INDICATOR. FOR BEST RESULTS, DISCONNECT THE SPEAKER SO THAT IT 
DOES NOT DISTRACT YOU. REPEAT THE EXPERIMENT DESCRIBED ABOVE BY MOVING THE 
console TOWARD AnD AWAY FROM AN ELECTROMAGNETIC SOURCE. REMOVE THE INDUCTION 
COIL CARD FROM THE CONSOLE AnD CONNECT IT TO THE CONSOLE USING THE REMOTE LINK. 
NOW USE THE induction COIL AS A PROBE TO CHECK FOR ELECTROMAGNETIC RELDS. TRY 
MOVING THE COIL CARD BACK AnD FORTH ACROSS THE SCREEN OF A COMPUTER MONITOR OR 
TV SET WHILE WATCHING THE BARGRAPH READOUT. NOTICE THAT THE STRENGTH OF AN 
ELECTROMAGNETIC FIELD CAN VARY GREATLY, EVEN OVER RELATIVELY SHORT DISTANCES. 
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BUILD AN tLHCTROMAGNHTlC PULSt SOURCE FOR THH 
ELECTROMAGNETIC SIGNAL RECEIVER 

YOi: WILL iJSE THE 555 TIMER ZC TO BLILD A SIMPLE ELECTROMAGNETIC PULSE GENERATOR. 
THE ELECTROMAGNETIC PULSES ARE COUPLED INTO THE AIR BY MEANS OF THE DOO-OHM COIL 
IN THE CONSOLE TRANSFORMER. YOU WILL USE THE INDUCTION COlL AND THE REMOTE LINK TO 
DETECT THE FIELD AROUND THE TRANSFORMER. 

PARTS YOU WILL NEED 


B ■? fa S 






y 


Rfc-lflk (BRN-BLK-ORG) C5-D.1 UF (.lOYJ 

R?- ^ (BRN-BLR-REDJ 

1. EXPAND THE CIRCUIT ON PAGE 57 

BEFORE STARTING. ADJUST THE CIRCUIT ON PAGE 57 
TO GIVE BEST RESULTS. 


1. □ Push the Power and display switches off. 

2. □ INSERT 555 IC ACROSS SLOT (PIN 1 AT Q5J. 

5. □ INSERT Rt ACROSS AND R9. 

Y. □ INSERT R7 ACROSS RIO AND SIO. 

5. □ INSERT C5 ACROSS Gil AND Rl. 

□ CONNECT 02 TO GROUND (WHTj. 

?. □ connect GiS TO N8 (WKT). 

8. □ connect RY to S7 (WHTJ. 

9. □ connect TY to Cj? (WKT). 

10 . n connect spring 27 to sy (red>. 

11 . n connect spring 28 to 010 credj. 


2. TEST the GRCUIT 

YOUR BREADBOARD IS NOW STUFFED WITH WIRES AND PAR^S. CHECK CAREFULLY FOR ERRORS. 

BE SURE THAT EXPOSED COMPONENT LEADS DC NOT TOUCH AND THAT WIRES ARE NOT LOOSE. 
USE THE REMOTE L'.Nic TO CONNECT THE INDUCTION COIL CARD TO THE CONSOLE. PUSH THE 
POW'ER SWITCH ON. IF YOU LEFT THE RECEIVER CIRCUIT ADJUSTED AS DESCRIBED ON PAGE 57, 
YOU HEAR A HIGH-PITCHED TONE FROM THE SPEAKER. THIS IS THE SIGNAL FROM THE 555 

Pulse generator being coupled to the nearby receiver wiring and the common Power 

SUPPLY LEADS. NOW PLACE THE INDUCTION COIL CARD NEAR THE CONSOLE TRANSFORMER. THE 
MUSICAL tone is LCUDER THAN BEFORE. IF THE CIRCUIT IS NOISY AnD DOES NOT RESPOND 
PROPERLY, FOLLOW THE INSTRUCTIONS ON PAGE 57 TO READJUST THE lOK AND IDOK CONSOLE 
POTENTIOMETERS. THE PULSES FROM THE 555 PULSE GENERATOR ARE CONVERTED INTO AN 
electromagnetic field by the lOOO-OHM COIL OF THE TRANSFORMER. THE STRENGTH OR 
INILNSHY OF 1 HE FIELD DECREASES WITH DISTANCE. THEREFORE THE SIGNAL IS LOUDEST 
WHEN THE INDUCTION COlL CARD IS AS CLOSE AS POSSIBLE TO THE TRANSFORMER. 


5. GOING Further 

USE THE induction COIL CARD AS A PROBE TO FIND CUT IF OTHER PARTS OF THE CONSOLE 

ALSO EMIT Electromagnetic Pulses, the console speaker and the tw'O w'Ires that 

LEAD TO THE TRANSFORMER ARE GOOD SOURCES. REMOVE THE REMOTE LINK FROM THE 
console socket, notice THAT THE BACKGROUND TONE REMAINS. THIS PROVES THAT THE 
SIGNAL From the 555 PulsE generator is leaking into the receiver circuit through 
THE connection wires AnD THE SHARED POWER SUPPLY. 
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USH A MAGNET TO CAUSE AN LEb TO FLASH AND FLICI^ 

YOU WILL BUILD A VERY SENSITIVE TWO-STAGE AMPLIFIER THAT BOOSTS TTE TINY SIGNALS 
INDUCED INTO TEE INDUCTION COIL SENSOR WHEN THE MAGNET IS MOVED NEARBY. THE 
AMPLIFIED SIGNAL DRIVES AN LED, WHICH FLASHES AnD FLICKERS W'HEN THE MAGNET IS 
MOVED BACK AnD FORTH PAST THE INDUCTION COIL SENSOR. 


PARTS YOU WILL NEED 


/"'\E 

'v /I 

■■ E 


— 


n n n n 



r:? 

□ mi. 
h_nj u u 


L 1 3 H 


R2-1DM tBRN-BLK-BLU) 
R3-3.3K tORG-ORG-RED) 
RY-IODK (BRN-BLK-YEU 
RS-Y70 (YEL-VIO-BRN) 


ci-no.i uF (mj 


RED LED 



CIRCUIT DIAGRAM 



2. □ INSERT INDUCTION COlL IN SENSOR SOCKET. 


5. □ INSERT 272 IC ACROSS SLOT tPlN 
Y. U INSERT R2 ACROSS Cl AND Dl. 

5. U INSERT R5 ACROSS F3 AND E7. 

L. □ Insert ry across dio and eio. 

?. □ insert R5 ACROSS D9 AND H5. 
a. □ insert Cl ACROSS SPRING 1 AnD D3- 


F2 (CATHODE). 

1 AT C5). 10. □ connect Fl TO GROUND (RED). 

U. □ connect CIO TO (MMTJ. 

12. □ connect CY to F? (WHT). 

13. U connect SPRING 2 TO FY (RED). 

lY. □ CONNECT SPRING 10 TO 4-9V (BLUJ. 

15. □ CONNECT SPRING 17 TO EY (BLU). 

10. □ CONNECT SPRING la TO GROUND (BLU). 


2. TEST THE CIRCUIT 

THE CIRCUIT PART LEADS ARE CLOSE TO ONE ANOTHER. CHECK YOUR WIRING AND MAKE SURE 

none of the exposed leads touch, rotate im console Pot ri all the way to the 
LEFT. Push the Power switch on and slowly rotate ri to the right until the led 

GLOWS. BACK OFF SLIGHTLY ON R1 UNTIL THE LED SWITCHES OFF. THE CIRCUIT IS NOW SET 
FOR MAXIMUM SENSITIVITY TO ELECTRICAL SIGNALS INDUCED INTO THE INDUCTION COIL BY 
THE MAGNET. RUB THE MAGNET AGAINST THE BACK SIDE OF THE INDUCTION COIL CARD. THE 
LED FLASHES IN RESPONSE BECAUSE THE MAGNETS MOVING FIELD GENERATES TINY 
ELECTRICAL CURRENTS IN THE COIL. VIWEn THESE SIGNALS ARE AMPLIFIED, THE LED FLASHES. 

5. GOING FURTHER 

THIS CIRCUIT CAN ALSO BE USED WITH THE LED BARGRAfU. PUSH THE POWER SWITCH OFF. 
connect a red wire FROM SPRING 19 TO F8. SWITCH THE POWER ON AnD PUSH THE DISPLAY 
MODE SWITCH TO BAR. ADJUST RI UNTIL ONLY LED 1 OR 2 OF THE READOUT GLOWS. RUB 
THE magnet AGAINST THE BACK OF THE INDUCTION COIL CARD AND WATCH THE LEDS. 
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1. n Push Power and display switches off. 

2. □ INSERT INDUCTION COIL IN SENSOR SOCKET. 

3. □ INSERT 272 IC ACROSS SLOT tPlN 1 AT C5J. 
Y. □ insert SSL IC ACROSS SLOT (PIN 1 AT OSL 
S. □ insert R2 ACROSS Cl AnD DL 

b. □ insert RY ACROSS RIO AnD SIO. 

7. □ INSERT RS ACROSS SPRING 23 AND i-^V. 

£. □ insert Cl ACROSS SPRING 1 AND D5. 

9. □ INSERT C2 ACROSS Q1 AND Rl. 

10. □ CONNECT 02 TO GROUND CWTJ. 

11. □ CONNECT RY TO S7 tWHT>. 

12. □ CONNECT TY TO 07 (WHT). 


13. □ connect CY to T7 (RED). 
lY. □ connect QIO TO (REDj. 

15. □ connect Fl TO ground (RED). 

U,. □ connect CIO TO CWMTJ. 

17. □ connect spring 2 TO FY (RED). 

18. □ connect spring 15 TO RY (RED). 

19. □ connect spring 1Y to 09 (RED). 

20. □ connect spring It TO (BLU). 

21. □ CONNECT SPRING 1? TO EY (BLU). 

22. □ CONNECT SPRING IS TO GROUND 

(BLU). 

23. □ CONNECT SPRING 2Y TO SY (RED). 


2. TEST THE CIRCUIT 


inspect your wiring for ERRORS. ROTATE lOOK CONSOLE POT R5 TO MIDPOINT. ROTATE IM 
CONSOLE Pot Rl ALL THE WAY TO THE LEFT, THEN PUSH POWER ON. YOU HEAR A MUSICAL 
TONE. ROTATE Rl TO THE RIGHT UNTIL THE TONE SOUNDS SCRATCHY. RUB THE MAGNET 
AGAINST THE BACK OF THE INDUCTION COIL CARD. THE TONE FREQUENCY CHANGES AS YOU 
MOVE THE MAGNET. WHEN THE MAGNET IS STILL, THE TONE RETURNS TO ITS ORIGINAL 
VALUE. EXPERIMENT WITH THE CIRCUIT EY ADJUSTING R5 \WY1LE MOVING THE MAGNET 
AGAINST THi: INDUCTION COR CARD. THIS CHANGES THE EASl: FREQUENCY OF THE TONE AND 
MAY CAUSE MORE OEVIOUS FLUCTUATIONS. AFTER FINDING A SETTING THAT GIVES GOOD 
RESULTS, ADJUST Rl WHILE MOVING THE MAGNET AGAINST THE INDUCTION COIL CARD. 

3. GOING Further 


CRLAIL A frequency CHANGE BY SWINGING THE MAGNET BY 1 HE BACK OF THE INDUCTION 
COIL CARD. PLACE A PIECE OF CARDBOARD OR PLASTIC AGAINST SPRINGS 3 AND 21 TO KEEP 
THE MAGNET FROM BEING ATTRACTED TO THESE SPRINGS, TEEN SWING. 

YO 













BUID A COMPASS BOUNCER 

THE CIRCUIT ON PAGE 25 SHOWS HOW AN ELECTROMAGNETIC PULSE DEFLECTS THE COMPASS 

needle, you will build a Pulse generator that automatically applies a series of 
Pulses to the induction coil sensor card, each Pulse deflects the compass needle. 


PARTS VOU W\LL NEED 


( )i 

X- ' 1 




& T ^ 5 

n n n n 




□ 5B5 


, — 


“J 

u u u u 


R2-IDK (.BRN-BLK-ORGJ 


Cl-lflO UF 



COMPASS 

CIRCUIT DIAGRAM 



1. BUILD THE CIRCUIT I 

1. □ Push Power And display switches off. i. □ connect q2 to ground cwhtj. 

?. □ INSERT induction COll CARD IN SEnSOR S. □ CONNECT QIO TO (REDj. 

SOCKET. □ connect KS TO S7 CWHTJ. 

5. □ INSERT 555 1C ACROSS SLOT (PlN 1 AT Q5). 1^:. □ CONNECT TN TO Q7 CWHTJ. 

1. C INSERT R2 across RID AnD SID. 11. □ CONNECT SY TO Hfc CREDj. 

5. □ INSERT Cl ACROSS R1 C-^J AnD CJl C-J- □ CONNECT SPRING 1 TO CWHTJ. 

L. □ INSERT LED ACROSS FY CANODEJ AnD H9 15- □ CONNECT SPRING 2 TO FlO CWHTJ. 

CCATHODEj. 1^^. □ connect SPRING 13 TO R8 CBLUJ. 

15. □ connect spring 1Y to QS CBLUJ. 

2. TEST THE CIRCUIT 

CHECK YOUR WRING AnD CORRECT ANY ERRORS. ROTATE lOOK CONSOLE POT R1 2/3 OF THE 
WAY TO THE RIGHT. PUSH THE POWER SWITCH UP, AnD THE LED FLASHES EVERY FEW 
SECONDS. NOW PLACE THE COMPASS NEAR THE INDUCTION COIL. EACH TIME THE LED 
FLASHES, THE COMPASS NEEDLE IS SHARPLY DEFLECTED. THE DEFLECTIONS ARE STRONGEST 

when the compass is held very close to the center of the induction coil card. 

5. GOING Further 

FOR BEST results, ROTATE THE CONSOLE TO FACE EAST OR WEST. NOW THE COMPASS 
NEEDLE IS PARALLEL TO THE INDUCTION COIL. SINCE THE NORTH OR SOUTH END OF THE 
COMPASS NEEDLE IS ATTRACTED TO THE COIL, THE COMPASS DEFLECTION IS MUCH MORE 
OBVIOUS. TO SPEED UP DEFLECTIONS, REPLACE Cl WITH A 10 UF CAPACITOR. INSERT THE + 
LEAD AT R1 AnD THE - LEAD AT Ql. YOU CAN DETECT THE ELECTROMAGNETIC PuLSES FROM 
THE induction COIL WTH A TRANSISTOR RADIO. TUNE THE RADIO TO AN UNUSED SPOT NEAR 
THE LOW End of THE AM BAND (BELOW ABOUT fcOO KHZJ. PLACE THE RADIO'S SIDE WTH 
THE antenna coil NEAR THE INDUCTION COIL. LISTEN CAREFULLY, AnD YOU HEAR A CLICK 
EACH TIME THE LED RASHES. 


Y1 



I. BUILD THE CtRCUtT 

1. □ Push Power and display switches off. 

2. n insert red led across he canodej and 

JL (CATHODE;. 

5. □ insert R1 across HI AnD 


i. n connect spring ? to +9v. credj. 

5. n connect spring a to ground (redj. 
fc. □ connect spring 9 TO J1 (RED). 


2. TEST THE gRCUIT | 

CHECR YOUR WIRING FOR ERRORS. PUSH THE POWER SWITCH ON. THE LED REMAINS OFF. PLACE 
THE SOUTH Pole of the magnet near the left side OF THE magnet sensor, the led 

GLOWS when the magnet IS WITHIN ABOUT 1 CM (0.^1 INCH) FROM THE MAGNET SENSOR. 


slowly move the magnet AW'AY from the magnet sensor, the led will switch off 

WHEN THE MAGNET IS SE'v'ERAL CENTIMETERS OR MORE AWAY FROM THE SENSOR. MO'v'E THE 
MAGNET BACK TOWARD THE SENSOR TO SWITCH THE LED ON AGAIN. 


5. GOING FURTHER 

You CAN PLACE VARIOUS MATERIALS BETW'EEN THE MAGNET AnD THE MAGNET SENSCR TO 

determine if they will block the magnet s Field, with the circuit sw'itchED on, 

PLACE THE south PCLE CF THE MAGNET NEAR THE MAGNET SENSOR UNTIL THE LED 
GLOWS, then move the MAGNET SLIGHTLY FARTHER AWAY. NOW' HOLD THE MAGNET IN 
PLACE WHILE PLACING VARIOUS MATERIALS BETW'EEN THE MAGNET AND THE MAGNET SENSOR. 
PAPER, PLASTIC, AnD ALUMINUM HAVE NO EFFECT. OBTECTS MADE FROM STEEL, HOWEVER, 

WILL Extinguish the led when they are Placed between the magnet and the 
magnet sensor, common steel OBJECTS INCLUDE SCREWDRIVERS, TWEEZERS, AnD 
WASHERS. 

E'/EN a. paperclip has this ErrECT. WHILE HOLDING THE MAGNET IN PLACE, PUT THE EnD 
OF THE PAPERCLIP ONTO THE SURFACE OF THE MAGNET SENSOR. YOU SHOULD BE ABLE TO 
extinguish THE LED BY MOVING THE PAPERCLIP AGAINST THE FRONT OF THE SENSOR. 


Y2 










USH A MAGNET TO SWITCH OH THt^ BUZZHR 

YOU WILL USE TWO TRANSISTORS TO BUlLt) A SIMPLE CIRCUIT THAT SWITCHES 
ON THE BUZZER WHEN THE WAGNET IS BROUGHT NEAR THE MAGNET SENSOR. 


PARTS YOU WILL NEED 


i T 


q:-nPn transistor wiy) 




A 


Rl-lOK tBRN-BLK-ORG) 
R2-1K (BRN-BLK-REDJ 



Q2-POWER FET 


GRCUiT DIAGRAM 



r>®; 


Buzzer 


1. BUILD THE CIRCUIT 


1. □ Push Power and display switches off. 

2. □ INSERT Ql AT HS (E>, GS tB) AND FS tC). 

5. □ INSERT Q2 AT Cl CG>, Bl CDJ AND Al CS). 

Y. □ INSERT R2 ACROSS C5 AND Ft.. 

5. r insert ri across Fio and ^-9V. 

b. □ connect HlO TO ground (.RED). 


7. □ connect B5 to +W (WHT). 

8. □ connect spring ? TO {.REDj. 

9. □ connect spring 8 ground (REDj. 

10. C connect spring 9 TO Gt. (REDj. 

U. □ connect spring 21 TO A5 (REDj. 

12. □ connect spring 22 TO GROUND (BLUJ. 


2. TEST THE CIRCUIT 

CHECK YOUR WIRING FOR ERRORS. PUSH THE POWER SWITCH ON AnD NOTHING FAPPENS. PLACE 
THE SOUTH SIDE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGnET SEnSOR. THE 

Buzzer sounds v^hen the magnet is within about i cm (o.y inchj from the magnet 
sensor, as with the led circuit ON PAGE Y2, ONCE THE BUZZER IS ON IT STAYS ON 
UNTIL YOU MOVE THE MAGnET MORE THAN A FEW CENTIMETERS AWAY FROM THE MAGnET 
sensor. AFTER THE BuZZER SWITCHES OFF, PLACE THE MAGNET NO MORE THAN ABOUT 1 
CM AWAY FROM THE MAGNET SENSOR FOR THE CIRCUIT TO ACTIVATE THE BuZZER. THIS 
WILL HELP YOU BETTER UNDERSTAND HOW THE MAGNET SENSOR IS SWITCHED ON AnD OFF 
BY THE magnet. THE MAGNET SENSOR IS A SEMICONDUCTOR DEVICE CALLED A HALL SENSOR. 
IT SWITCHES ON ONLY WHEN THE PROPER POLE OF THE MAGNET FACES THE SENSOR. WHEN 
YOU PLACE THE NORTH SIDE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSOR. 
NOTHING happens. WHEN YOU PLACE THE NORTH SIDE OF THE MAGNET NEAR THE RIGHT 
SIDE OF THE magnet SENSOR, THE BUZZER SOUNDS. THIS EXPERIMENT DEMONSTRATES THAT 
THE MAGNET SENSOR IS SENSITIVE TO THE DIRECTION OF THE MAGNETIC HELD. 


5. GOING FURTHER 

USE A PLASTIC OR WOOD RULER TO MEASURE THE DISTANCE BETWEEN THE MAGNET AnD THE 

magnet sensor when the buzzer Rrst switches on. then measure the Distance the 
magnet can be moved away from the magnet sensor before the buzzer stops. 





1. □ Push Power and disPlav switches off. t.. □ connect spring & to ground cred). 

2. I I insert Q1 at f.l (,G), B1 (.Dj AnD A1 (S). ?. □ CONNECT SPRING 9 TO Hi (REDj. 

5. □ INSERT R1 ACROSS C5 AND H5. 8- □ CONNECT SPRING 21 TO AS <,REDj. 

N. □ CONNECT B5 TO +9V CWHTJ. <?. □ CONNECT SPRING 22 TO GROUND (BLU). 

S. □ CONNECT SPRING 7 TO (RED). 


2. TEST THE CIRCUIT 


lHEl< THE CIRCUIT FOR ERRORS. PUSH THE POWER SWITCH CK A,NO THE 3UZZER SOUNDS 


LOUDLY. BRING THE SOUTH POLE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET 


SENSOR. WHEN THE MAGNET COMES WITHIN ABOLT 1 CM (C.N INCH) OF THE MAGNET SENSOR, 
THE BUZZER SWITCHES OFF. IT REMAINS OFF ELtN WEEN YOU MOVE THE MAGNET MORE 
THAN 1 CM AWAY FROM THE SENSOR. YOU CAN EASILY DEMONSTRATE THE OPERATION OF A 
WINDOW' OR DOOR INTRUSION ALARM. SWITCH THE POWER OFF. WHILE HOLDING THE SOUTH 

Pole of the magnet near or against the left side of the magnet sensor, Push 
Power on. the buzzer is silent, move tee magnet away from the magnet sensor, 
the buzzer sounds, in most intrusion alarms, the magnet is mounted CK A moving 

OBJECT AND THE MAGWET SENSOR IS MOUNTED ON A FIRED OBJECT. THE ALARM IS SILENT 

WHEN THE Door is closed and the magnet is close to the sensor, wfen THE Door is 
opened, the magnet is separated from the sensor, and the alarm sounds. 


5. GOING FURTHER 


You can add a Ri:D lED TO THIS CIRCUIT THAT Gi OWS WHEk THE BuZZER SOUNDS. YOU 
WILL need a red led AnD R2, A IK RESISTOR (BRN-BL<-REDj. PUSH THE POWER SWITCH ON 

and repeat the above experiments, the led glows each TILE THE BuZZER SOUNDS. 


1. □ Push Power and display switches off. 3. □ insert red led across Es (AnoDEj and 

2. □ INSERT R2 across A‘1 AND Efc. GS (CATHODE). 

Y. □ connect GIO TO GROUND (RED). 










USH A MAGNET TO SWITCH ON AN Lt^D FOR A RXHD TIME 

YOU WILL BUILD A MONOSTABLE MULTIVIBRATOR CIRCUIT THAT CAUSES A LED TO GLOW FOR 
A FIXED PERIOD OF TIME WHEN THE MAGNET IS PLACED NEAR THE MAGNET SENSOR. THE LED 
continues to glow even when THE MAGNET IS MOVED AWAY FROM THE MAGNET SENSOR. 


PARTS You WILL NEED 


li n iz-ii 10 <) a 

n n n n n n n 
1 HOH 
'U u u u u u u 

1 1 J S 4, 7 


Rl, R2-1O0K (BRN-BLK-YEU 
R3-Y70 CYEL-VIO-BRNJ 



Cl-IDO UF 


RED LED 






CIRCUIT DIAGRAM 


+ 9V “^v +9v 



ground unused inputs of the you tPlNS a, <?, 12 AND 13J. 



1. BUILD THE CIRCUIT 

9. □ connect FlO TO +9V (WHT;. 


1. □ Push Power and display switches off. 

2. □ insert you ic across slot (Pin i at fs). 

3. U insert Rl ACROSS F2 AnD L2. 

Y. U INSERT R2 ACROSS XY AND GROUND. 

5. U INSERT R5 ACROSS El AND ^-^V. 

t. □ insert Cl ACROSS HY CO AND JY 

1. □ INSERT LED ACROSS EY (ANODE) AND GY 
(CATHODE)- 

a. □ connect LI TO ground (WYT). 


10. □ connect G2 to 12 (WYT). 

11. □ connect II TO XI CVWTJ. 

12. n connect L? to ground (\AYYT). 

15. □ connect GIO TO HIO (WHT). 

lY. □ connect XIO TO LIO (WHT). 

15. □ connect m TO XY (WHT). 

lb. □ connect spring 7 TO ■^YV (RED). 

17. □ connect spring a to ground (RED). 


la. □ connect spring Y to F 1 (RED). 


2. TEST the circuit 


CHECX YOUR wiring FOR ERRORS. THE LEADS OF SEVERAL OF THE PARTS ARE CLOSELY 
SPACED, SO BE SURE THEY DO NOT TOUCH ONE ANOTHER. PUSH THE POWER SWITCH ON AND 
THE LED GLOWS. AFTER SEVERAL SECONDS, THE LED SWITCHES OFF. NOW BRING THE 

SOUTH Pole of the magnet near the left side of the magnet sensor, the led 

SWITCHES ON FOR SEVERAL SECONDS. DURING THIS PERIOD, MOVING THE MAGNET AWAY FROM 
THE magnet sensor WILL HAVE NO EFFECT ON THE CIRCUIT, AnD THE LED WILL CONTINUE 
TO Clow. 


5. GOING Further 

Cl AND R2 CONTROL HOW LONG THE LED STAYS ON ONCE THE MAGNET SENSOR IS 
TRIGGERED. FOR BRIEF TIME DELAYS, REPLACE Cl WITH A 10 UF CAPACITOR. FOR LONG TIME 
DELAYS, REPLACE Cl WITH THE Y/0 UF CAPACITOR. ORIENT THE CAPACITOR LEADS CORRECTLY 
(HY IS + and JY IS -). 



USE A MAGNET TO SWITCH ON A FLASHING L 



YOlJ vwll build an led flasher circuit that is triggered by the wagnEt. normally a 

RED LED GLOV\,S STEADILY. WHEN THE MAGNET IS PLACED NEAR THE MAGNET SENSOR. THE 

lec Flashed a few times each secoi'^c. 


PARTS YOU WILL NEED 


iH ij un 10 q 6 



1 1 3 ^ S ^ 7 


Rl-IM tBRN-BLK-GRNJ 
R2-100K (BRN-BLK-YEL) 
RB 'i?0 CYEL VIO BRNJ 



Cl-1 UF 





ground unused inputs of the you (Pins 12 and 

I. BUILD THE gRCUT 

1 . □ Push Power and display switches off. 

2 . □ insert you ic across sudt (Pin 1 at fsj. 

5 . □ INSERT R1 ACROSS D3 AnD G3. 

Y. □ insert R2 across DS AnD hy. 

5. □ insert R5 across El AnD ^-^V. 

h. C insert Cl ACROSS lY W AnD DY (-). 

?. □ insert led across E2 (ANODEJ and 

12 (CATHODE). 

8. □ connect L2 to ground (\AMT). 

9 . C connect FlO TO (WHT). 


10. □ connect 

11. □ CONNECT 

12. □ CONNECT 
15. □ CONNECT 
lY. □ CONNECT 
15. □ CONNECT 
Uj. □ CONNECT 

17 . □ connect 

18 . n connect 


H2 to J2 (WHT). 

J1 TO R1 (WHT). 

L^^ TO H7 (WHT). 

FY TO J7 (WHT). 

GIO TO HIO (WHT). 

KIO TO LIO (WHT). 
SPRING 7 TO -WV (RED). 
SPRING S ground (RED). 
SPRING 9 TO L7 (RED). 


2. TEST THE CIRCUIT 


INSPECT YOUR CIRCUIT FOR ERRORS. THE LEADS OF THE LED, Cl, AND ALL 3 RESISTORS ARE 
VERY CLOSE TOGETHER. SPREAD THESE COMPONENTS OUTWARD SO THElR LEADS DO NOT 

TOUCH one Another, Push the power switch on, and the red led will glow, when 

YOU PLACE THE SOUTH POLE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGnET 
sensor, THE led flashes SEv-ERAL TIMES EACH SECOND. MOVE THE MAGNET AWAY, AnD 
THE led GLO'AS continuously. 


5. GOING Further 


TO SLOW' THE LED FLASH RATE, INCREASE Cl TO Y.7 OR 1 C uF. ORIENT THE CAPACITOR 
LEADS CORRECTLY O IS - AnD D^^ IS -) OR REPLACE R2 (BRN-BLIC-YEL) WITH THE IM CONSOLE 
Pot. connect spring Ib TC D5 (BLU) AnD SPRING 1? TO HY (BLU). ROTATE THE IM POT RNOB 
TO change the FI Ash rate when the magnet is near the magnet sensor. 

Yb 










USH A MAGNET TO STOP A FLASHING LHP 

YOU WILL MODIFY THE CIRCUIT ON PAGE X TO BUILD AN LED FLASHER CIRCUIT THAT IS 
SWITCHED OFF BY THE MAGNET. NORMALLY A RED LED FLASHES SEVERAL TIME A SECOND. 

when the magnet is placed near the magnet sensor, the led stops Flashing and 
GLOWS steadily. 

PARTS YOU WILL NEED 

THS CIRCUIT IS A MODIRED VERSION OF TEE ONE ON PAGE %. NO ADDITIONAL PARTS ARE 

necessary. 

CIRCUIT DIAGRAM 

+ 9v +9v +9V 



1. MODIFY THE CIRCUIT THAT USES A MAGNET TO SWITCH ON A 
FLASHING LED 


1. □ Push Power and display switches off. 3. □ move red wire at l? to fi. 

2. □ REMOVE WHT wire BETWEEN FY AnD J7. Y. □ CONNECT KY TO (WHT). 

2. TEST THE CIRCUIT 

THIS IS A MODIFIED CIRCUIT, SO BE SURE NONE OF THE PARTS OR WIRES HAVE COME LOOSE 
and that you have made no ERRORS. PUSH THE POWER SWITCH UP, AnD THE LED WILL 
FLASH SEVERAL TIMES EACH SECOND. NOW PLACE THE SOUTH POLE OF THE MAGNET NEAR 
THE LEFT SIDE OF THE MAGNET SENSOR. THE LED WILL GLOW STEADILY. 


5. GOING Further 

AS WITH THE ORIGINAL CIRCUIT, YOU CAN INCREASE THE VALUE OF Cl TO SLOW THE FLASH 
RATE. YOU CAN ALSO REPLACE R2 WITH THE IM CONSOLE POTENTIOMETER TO PROVIDE AN 
ADJUSTABLE FLASH RATE. SEE PAGE % FOR DETAILS. 

YOU CAN ADD A SECOND LED TO MAKE AN ALTERNATE RED-GREEn FLASHER. YOU WILL NEED 
A green led and RY, a YVO-OHM RESISTOR (YEL-VIO-BRNJ. FOLLOW THESE STEPS; 

1. u Push Power and display switches off. s. □ insert led across e? (Anode) and 

2. □ REMOVE WHT WIRE BETWEEN KY AND HY. X? (CATHODE). 

5. □ REMOVE WHT WIRE BETWEEN LY AND H7. L. □ CONNECT tS TO I5 tVWHTJ. 

Y. □ INSERT RY ACROSS Efl AND +YV. 7. □ CONNECT H7 TO LY (WHT). 

Push the Power switch on, and the leds will flash alternately, place the south 

POLE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSOR. THE GREEN LED WILL 

STOP Flashing and the red led will glow continuously. 



USE TH£ MAGNET TO SWITCH ON A TONE 

YOU VWLL USE THE WAGNET TC ACTIVATE AN ADJUSTABLE AuDlC OSCILLATOR WADE FROM 
TWO GATES IN A HOU. 


PARTS you WILL NEED 



ground unused inputs of the iOll (PINS 12 AND 13). 


1. BUILD THE CiRCUiT 

1. □ Push Power and display switches off. 

2. □ insert you ic across slot (Pin i at fs). 

5. □ INSERT R2 ACROSS D3 AnD G3. 

Y. □ insert R1 across L9 AND GROUND. 

5. □ INSERT Cl ACROSS lY AND DY. 
b. □ CONNECT LI TO GROUND (WHTJ. 

7. □ CONNECT FlO TO +YV (W'HTJ. 

£. □ CONNECT H2 TO JZ (WHTJ. 

9. □ connect J1 TO R1 CVWT). 

10. □ connect FY TO J7 (VWHTJ. 

11. □ connect LY TO H? (VWHT). 


IZ. U CONNECT GLO TO HiO ;WHTL 

13. □ connect KIO TO LID (U4HTJ. 
lY. □ connect spring 7 TO +?V (RED). 

15. □ connect spring 8 GROUND (RED), 
li. □ connect spring 9 TO L 7 (RED). 

17. □ connect spring lb TO D5 (BLUJ. 

18. □ connect spring 1 ? TO KY (BLU). 
lY. □ CONNECT SPRINGS 25 AND 2b (RED). 

20. □ CONNECT SPRINGS ZY AND 25 (WHT). 

21. □ CONNECT SPRING 27 TO I5 CBLU). 

22. □ CONNECT SPRING 28 TO GROUND (RED). 


2. TEST THE CIRCUIT 


CHECR YOUR WIRING FOR ERRORS. PUSH THE POWER SWITCH ON. THE SPEARER IS SILENT. NOW 

hold the south Pole of the magnet near the left side of the magnet sensor, you 

WILL HEAR A BUZZ OR TONE FROM THE SPEAKER. ADJUST IM CONSOLE POT R3 TO CHANGE 
ThiE rREOi jEP'JCY OF ThiE SCi )ND. 


5. GOING RJRTf^R 

YOU CAN MAKE THE FREQUENCY OF THE TONE RESPOND TO LIGHT. FOLLOW THESE STEPS; 

1 . □ Push Power and display switches off. 3 . □ move blu at spring ib to spring 1. 

2 . □ insert PHOTORESISTOR card in SENSOR □ move blu at SPRING 17 TO SPRING 2. 

socket. 

Push the power switch on and place the south pole of the magnet near the left 

SIDE OF the magnet SENSOR. THE SPEAKER EMITS A TONE THAT INCREASES IN FREQUENCY 

WHEN THE. I U^H i i E.VE.L A i THE. PHCTCRE.SI'^T OR INCRE.ASE.S . 








USE THE MAGNET TO SWITCH OFF A TONE I 

YOU WILL MODIFY THE CIRCUIT ON PAGE ‘IS SO THAT AN AuDiO TONE IS SWITCHED OFF WHEN 
THE magnet is placed NEAR THE MAGNET SENSOR. 


PARTS YOU WILL NEED 

THS CllRLUIT IS A MODIRED VERSION OF Tf-E ONE ON PAGE YS- NO ADDiTIONAt PARTS ARE 

necessary. 


GRCU\T DIAGRAM 


+9V 



■ GROUND UNUSED INPUTS OF YOU (PINS 3, Y, n AND 15J. 

1. MODIFY CIRCUIT THAT USES A MAGNET TO SWITCH ON A TONE 


1. □ Push Power And display switches off. 3. □ moye red wire at l7 to F3. 

2. □ REMOVE UWT WIRE BETWEEN FY AnD J7. Y. □ CONNECT H? TO KY (WHT). 


2. TEST THE CIRCUIT 

ANY TIME YOU MODIFY A CIRCUIT, IT IS IMPORTANT TO MAKE SURE NOAE OF THE WIRES OR 

Parts have come loose, be sure to check your wiring carefully. Push the Power 

SWITCH on and you WILL HEAR A TONE FROM THE SPEAKER. PLACE THE SOUTH POLE OF 
THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSOR, AND THE TONE WILL STOP. 

THE operation of THIS CIRCUIT RESEMBLES THAT OF THE CIRCUIT ON PAGE YY IN WHICH 
THE magnet SWITCHES OFF THE BU22ER. THE MAIN DIFFERENCES ARE THAT THIS CIRCUIT 
USES LESS current AnD THE FREQUENCY OF THE AuDiO TONE CAN BE ADJUSTED. AS WITH 
THE CIRCUIT ON PAGE YY, THIS CIRCUIT CAN SIMULATE THE OPERATION CF AN INTRUSION 
ALARM designed TO DETECT AN OPEN WINDOW OR DOOR. IN EITHER CASE, THE MAGNET IS 

mounted on the moving object and the magnet sensor is on a nearby rxed object. 

A SIMILAR APPROACH CAN BE USED TO DETECT MWEn MERCHANDISE IN A STORE OR AN 
OBJECT IN A MUSEUM HAS BEEN MOVED. THE MAGNET IS MOUNTED AT THE BOTTOM OF THE 
OBJECT being PROTECTED. THE MAGNET SENSOR IS MOUNTED BELOW WYERE THE OBJFCT IS 
PLACED. THE TONE SOUNDS MWEn THE OBJECT IS MOVED. 


5. GOING FURTHER 

THIS CIRCUIT CAN BE USED TO DETECT FERROUS METALS LIKE IRON AND STEEL. HOLD THE 
magnet near THE MAXIMUM RANGE AWAY FROM THE MAGNET SENSOR AT WHICH THE TONE 
IS silent, then PLACE ONE EnD OF THE PAPER CLIP AGAINST THE LEFT SIDE OF THE 
magnet sensor, the tone sounds when the paper clip is directly between THE 

center of the magnet sensor and the magnet, rub the paper cup and the tone 

SWITCHES OFF AnD ON. GRIP THE PAPER CLIP FIRMLY, SINCE IT WILL BE ATTRACTED TO THE 

magnet. 



USE A MAGNET TO CONTROL A PULSATING TQNI£ GENERATOR 

YOlJ VWLL lJSE all four gates IK A 4011 TO BUILD A PAIR OF AuClO OSCILLATORS THAT 
GENERATE A PULSATIKG TOKE. YOU WILL USE THE MAGKET TO SWITCH THE TONE OFF. 


PARTS YOU WILL NEED 


1‘i 13 11 ID 9 S 
n n n n n n n 

^ HOil 

u u u u u u u 

1 Z S ‘i S (. 7 


Rl-IM (BRN-BLK-GRNJ 



Cl-10 UF 



C2^3.01 UF C105J 



HRCmT DIAGRAM 


Zi> 2S, 



1 . □ Push Power and display switches off. 

2. □ INSERT YOU IC ACROSS SLOT (PlN 1 AT F5J. 

5. □ INSERT R1 ACROSS GY AND DY. 

Y. □ insert Cl ACROSS 13 AND D3 t-). 

5. □ insert C2 across I? AnD K7. 

L. □ connect LI TO ground (.\MHTJ. 

7. □ connect FlO TO 4-9V tWHTJ. 

6. n connect ti to hi (.UWTJ. 

9. □ connect H2 TO J2 (WHT). 

10. □ connect GIO TO HIO (WHT). 

11. □ connect TO J9 (WHT). 

12. □ connect IY to L? (WHT). 

2. TEST THE GRCUIT 

REVIEW WIRING FOR ERRORS. PUSH THE POWER SWITCH ON. A PULSATING TONE SOUNDS. 
ADJUST lOOK CONSOLE POT R2 AND IM POT R3 TO CONTROL THE RATE AND FREQUENCY OF 

THE TONE. Place the south pole of the magnet near THE LEFT SIDE CF THE 
magnet sensor, the tone stops. REMO'/E THE MAGnET and THE TONE RESUMES. 


13. □ CONNECT SPRING ? TO (RED). 
lY. □ connect spring 8 TO GROUND (RED). 
15. U connect spring 7 '0 Fl (RLD). 
lA. □ CONNECT SPRING 15 TO Dl (BLU). 

17. □ CONNECT SPRING lY TO HI (BLU). 

18. □ CONNECT SPRING it TO KIO (BLU). 
lY. □ CONNECT SPRING 17 TO JIO (BLU). 

20. □ CONNECT SPRINGS 25 AND 2A (RED). 

21. □ connect springs 2Y AND 25 (WHT). 

22. □ CONNECT SPRING 27 TO IS (BLU). 

25. □ connect spring 28 TO GROUND 

(RED). 


5. GOING FURTHER 


1 . □ Push Power and display switches off. 5 . □ move blu at spring 15 to spring 1. 

2 . n Insert ftYOTOREsisTOR card in socket, y. □ move blu at spring iy to spring 2. 

TO MAKE THE CIRCUIT RESPOND TO LIGHT, PUSH THE POWER SWITCH ON AND SHADE THE 
mOTORESlSTOR CARD. PUCE THE MAGNET 's SOUTH POLE NEAR THE LEFT SIDE OF TPE 
magnet sensor, the TONE FREQUENCY WITHIN THE PuLSES INCREASES WHEN THE LIGHT 
AT THE mOTORESISTOR INCREASES. NOTE THAT TOO MUCH LIGHT MAY STOP THE TONE. 
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USE THE MAGNET TO TRIGGER TWO TONES 

YOU WILL connect THE MAGNET SENSOR TO THE VOLTAGE INPUT PIN OF A 555 TIMER IC 
CONISECTEO AS AN AUDIO OSCILLATOR. YOU WILL THEN USE THE MAGNET TO CHANGE THE 

frequency of the tone From a high frequency to a low frequency. 




1. BUILD THE CIRCUIT 

1 . □ Push Power and display switches off. n connect ty and q? (whti. 


□ INSERT 555 IC ACROSS St OT (PlN 1 AT 
3. n INSERT R2 ACROSS Rlfl AnD Slfl. 

Y. r INSERT R5 ACROSS SPRING 23 AnD +9V. 
5. r INSERT Cl ACROSS Q1 AnD R1. 
b. □ connect Q3 and ground t\M^TJ. 

?. n connect QiO TO I-IV (REDJ. 
a. □ connect ry and s? (whtj. 


Q5J. 10. □ connect spring 7 TO +9V (REDJ. 
11 . □ connect spring a to ground 

(REDJ. 

IZ. □ connect spring 9 TO T? (REDj. 
15. □ CONNECT SPRING 15 TO R9 (BLUJ. 
lY. □ connect spring 1Y to 4-9V CELUJ. 
15. □ CONNECT SPRING 2Y TO SY (RED). 


2. TEST THE CIRCUIT 

inspect the circuit For Errors, adjust iook console Pot ri to its miD-Point and Push 
THE Power switch on. a buzz or tone sounds From the speaker. Place the south 
Pole of the magnet near the left side of the magnet sensor, the frequency of 
THE tone suddenly CHANGES. MOVE THE MAGNET AWAY, AnD THE FREQUENCY RETURNS 
TO ITS FORMER VALUE. WITH THE MAGNET MOVED AWAY FROM THE MAGNET SEnSOR, 

adjust lOOK console Pot ri for the desired tone frequency, repeat THE magnet 
experiment, rotate ri to the right, and THE TONE HAS A HIGH FREQUENCY. WWEn YOU 
BRING THE magnet CLOSE TO THE MAGnET SEnSOR, THE TONE STOPS. 

5. GOING FURTHER 


1 . □ Push Power and display switches off. 3 . □ move Btu at spring 13 to spring 1. 

Z. □ insert mOTORESlSTOR CARD IN SOCKET. Y. □ MOVE BLU AT SPRING lY TO SPRING 2. 


PLACE THE CIRCUIT IN A DARKENED ROOM. PUSH THE POWER SWITCH ON AND PUCE TEE SOUTH 
POLE OF TEE MAGNET NEAR TEE LEFT SIDE OF TEE MAGNET SENSOR. THE SPEAKER EMITS A 
tone that increases in frequency WWEn the photoresistor LIGHT LEVEL INCREASES. 
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US 


z TOUCH SENSOR TO SWITCH 0 



YOU WILL BUILO A SIW.PlE TOUCH SWITCH FROM OiYLY 0:YE GATE IN A ^Cll QUAD NAnD GATE. 
NORMALLY AN LED WILL GLOW. TOUCHING THE TOUCH SENSOR EXTINGUISHES THE LED. THE 

CIRCUIT Includes a pair of icc.oco ohm resistors (ri and rzj to help protect the 

CMOS GATE from POSSIBLE DAMAGE CAUSED BY ELECTROSTATIC DISCHARGE. 


PARTS YOU WILL NEED 


iH IJ Itll 10 ij 6 



1 i i £ S, 7 


Rl, R2-100K (BRN-BLK-YEL) 
RS lOM CBRN BLR BLUJ 
RY-Y70 (YEL-YIO-BRN) 


RED LED 



1. BUILD THE CIRCUIT 


1. □ Push Power and display switches off. s. □ connect li to ground (\awtj. 

2. n insert you IC across slot tPiN 1 AT F5J. □ connect F7 to +-W tWHTJ. 

5. □ INSERT Rl ACROSS SPRING S AnD FL 10. □ CONNECT FY TO +W C\MYTJ. 

Y. I I Insert R2 across SPRINC^ t. and GL ll. □ connect J1 to ri t\AHTJ. 

5. □ insert R5 across GY AnD L7. 12. □ CONNECT K2 TO L2 t\MYTJ. 

b. c Insert ry across H3 and n3. 13. □ connect gio to hio (whtj. 

7. □ insert led across NY CANODEJ AnD 1Y. □ CONNECT KIO TO LIO (WHT;. 

LY (CATHODEJ. 15. □ CQNLECT H9 TO K9 tWHT). 


It. □ CONNECT L9 TO GROUND tWHTJ. 


2. TEST THE CIRCUIT 


CHECK YOUR WIRING FOR ERRORS AnD EE SURE THAT ALL THE UNUSED INPUTS ARE 
CONNECTED TO GROUND. DISCHARGE ANY STATIC ELECTRICAL CHARGE ON YOUR BODY BY 
TOUCHING A GROUNDED METAL OBJECT, SUCH AS A SCREW ON AN ELECTRICAL LIGHT 
SWITCH PLATE. PUSH THE POWER SWITCH ON. THE LED GLOWS. PRESS THE TOUCH SENSOR 
WITH YOUR INDEX FINGER. THE LED SWITCHES OFF. REMO'v'E YOUR FINGER, AND THE LED 
GLOWS AGAIN. NOTICE jhE LED CONTINUES TO GLOW UNTIL YOU PRESS DOW'N WITH 

YOUR FINGER. TRY VARYING THE PRESSURE ON THE TOUCH SWITCH AND THE ANGLE OF YOUR 
FlNGi:R TO Si I: IF YOU CAN DIM THE 1 ED INSTEAD OF SWITCHING IT OFF ABRUPT! Y. A VERY 

gentle touch allows you to do this. 


5. GOING RJRThER 

later in this MANUAL (PP. bl-tcl) YOU WILL INSERT THE CONDUCTIVE FOAM CYLINDER INTO 
THE TOUCH SENSOR TO CONVERT IT TO A PRESSURE SENSOR. YOU CAN ALSO USE THE 
PRESSURE SENSOR W'lTH THIS TOUCH SENSOR PROJECT. INSERT THE FoAM PLASTIC PRESSURE 
sensor into the TOUCH SEnSCR APERTURE AnD PRESS DOWN. THE LED SWITCHES OFF. 
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USE THE TOUCH SENSOR TO SWITCH ON AN LED 

YOU WILL ADD A GATE TO THE aRCUIT ON PAGE 52 TO BUILD A TOUCH SWITCH THAT 
SWITCHES ON AN LED. NORMALLY THE LED IS OFF. TOUCHING THE TOUCH SENSOR CAUSES 
THE LED TO GLOW. THE CIRCUIT RETAINS THE PAIR OF 100,000 OHM RESISTORS CRl AnD R2) 
THAT HELP PROTECT THE CLIOS GATE FROM ELECTROSTATIC DISCHARGE. 


PARTS YOU WILL NEED 

THS CIRCUIT IS A MODIRED VERSION OF Tf-E ONE ON PAGE 52. NO ADDITIONAL PARTS ARE 

necessary. 


DRCUiT DIAGRAM 


+ qv 



H 



l,EC 



GROUND UNUSED INPUTS OF 
YOIICPINS 8, 9, 12 and 15J. 


1. MODIFY THE TOUCH SWITCH THAT SWITCHES OFF AN LED (P. 52) 

1. □ Push Power and display switches off. y. c insert ry across 16 and ns. 

2. □ REMOVE RY ACROSS H5 AnD N5. 5. C CONNECT H2 TO J2 t\^WTJ. 

3. n REMOVE WTT WIRE ACROSS K2 AnD L2. 

2. TEST THE CIRCUIT 

BECAUSE THIS CIRCUIT HAS BEEN MODIFIED FROM A PREVIOUS PROJECT, ITS ESPECIALLY 
IMPORTANT TO MARE SURE NO WIRES OR PARTS HAVE COME LOOSE. CHECR YOUR WIRING 
CAREFULLY. IF YOU J-ftVEN Y ALREADY DONE SO, DISCHARGE ANY STATIC ELECTRICAL CHARGE 
ON YOUR BODY BY TOUCHING A GROUNDED METAL OBJECT, SUCH AS A SCREW ON AN 
ELECTRICAL LIGHT SWITCH PLATE. 


Push the Power switch on. the led will be off. press your inder finger against 

THE TOUCH sensor. THE LED WILL GLOW. REMOVE YOUR FINGER, AnD THE LED WILL SWITCH 
OFF. experiment with THE ANGLE OF YOUR FINGER FOR BEST RESULTS. 


5. GOING aiRTHER 

AS WITH TEE PROJECT ON PAGE 52, YOU CAN USE THE PRESSURE SENSOR WITH THIS TOUCH 
sensor PROJECT. JUST INSERT THE FOAM PLASTIC PRESSURE SENSOR INTO THE TOUCH 

sensor aperture and Press down gently, the led will glow, notice that tee circuit 

IS VERY SENSITIVE TO TOUCH WHEN OPERATED WITH THE PRESSURE -SENSITIVE FoAM. 

YOU HAVE PROBABLY ALREADY NOTICED THAT YOU CAN SWITCH THE LED ON BY SIMPLY 
TOUCHING THE TOUCH SENSOR SPRINGS INSTEAD OF THE TOUCH SENSOR ITSELF. YOU CAN 
ALSO BRIDGE YOUR INDER FINGER ACROSS THE LEADS OF R1 AnD R2. IT ’s BEST TO TOUCH 
THE LEADS OF R1 AND R2 THAT MAKE CONTACT WITH SPRINGS 5 AND TOUCHING THE 
LEADS THAT ARE CONNECTED DIRECTLY TO THE iNPuTS OF THE YOU GATE MAY INTT20DUCE 
STATIC EIBCTOCIT7 THAT CAN DAMAGE THE GATE. 
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YOU WILL EUILO A SIMPLE TOUCH SWITCH AnD AN AuClO TONE GENERATOR FROM THREE 
GATES IN A "^011 QUAD NAnD GATE. NORMALLY THE TONE SOUNDS. TOUCHING YOUR FINGER 
TO THE TOUCH SENSOR WILL SWITCH OFF THE TONE. THE CIRCUIT INCLUDES A PAIR OF 


100, OOC OHM RESISTORS 


the CMOS GATE FROM ELECTROSTATIC 


DISCHARGE. 


PARTS YOU WILL NEED 


jH 13 It 11 10 q e 



I 1 J S 4. 7 


— 11 ) 

Rl, R2 lOOR (BRIN BLK YELJ 
R5-10M CBRN-BLK-BLUJ 


TWO 

Cl 0.1 UF UOY) 



1. n Push Power and display switches off. 

2. □ insert you ic across slot (Pin i at FS). 

S. □ insert Rl ACROSS SPRING 5 AnD FL 

Y. □ insert R2 across SPRING b AnD G1. 

S. □ insert R3 across G2 AnD L2. 

b . □ insert Cl ACROSS 110 AnD RIO. 

7. □ CONNECT LI TO GROUND (VWT>. 

£. □ CONNECT FlO TO +YV (.WHT). 

9. □ CONNECT FY TO +9V (.WHT). 

10. □ CONNECT HY TO L7 (WHT). 


2. TEST THE CIRCUIT 


11. □ connect Jl to kl (VWHT). 

12. □ connect KY to GROUND CWTJ. 

13. □ connect GIO TO HIO (WHT). 
lY. □ CONNECT H9 TO J9 CVW1T). 

15. □ connect spring iy to is CBLUJ. 

lb. □ connect spring 15 TO ICS (BLU). 

1?. □ connect springs 2Y and 25 (MHT). 
IS. □ connect springs 25 AnD 2b (RED). 
19- □ connect spring 2S to ground 

(RED). 

20. □ connect spring 27 TO IS (BLU). 



THIS CIRCUIT HAS 5 COMPONENTS AnD 1Y CCNNECTICN W'IRES, SO CAREFULLY CHEC^I YOUR 
VWRING FOR ERRORS. BE SURE THAT UNUSED PiNS 5 AnD b OF THE YOU ARE CONNECTED TO 
ground. DISCHARGE ANY STATIC ELECTRICAL CHARGE ON YOUR BODY BY TOUCHING A 
grounded metal object, such as a screw on An ELECTRICAL LIGHT SWITCH PLATE. 
Push the Power switch on, and you hear a buzz or tone, adjust ihi. iook console 
Pot ry until you like the sound, then press the touch switch, the tone ceases. 
REMOVE YOUR FINGER, AND THE TONE RETURNS. 


5. GOING Further 


THIS circuit is MORE SENS', TIV-E TO TOUCH WHEN THE BLACK CONDUCTIVE FOAM PRESSURE 
sensor is inserted into THE TOUCH SENSOR APERTURE. THIS ',S BECAUSE IT HAS MUCH 
LESS resistance THAN THE TIP CF YOUR FINGER. 
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USE THE TOUCH SENSOR TO SWITCH QNl ^ TONE 

YOU WILL ADD A GATE TO THE aRCUIT ON PAGE 5Y TO BUILD A TOUCH SWITCH THAT 
TURNS ON AN ADJUSTABLE TONE. NORMALLY THE TONE IS OFF. TOUCHING YOUR RNGER TO 
THE TOUCH sensor CAUSES THE TONE TO SOUND. THE CIRCUIT RETAINS THE PAIR OF 
100,000 OHM RESISTORS tRl AnD R2J THAT HELP PROTECT THE CMOS GATE FROM 
ELECTROSTATIC DISCHARGE. 


PARTS YOU WILL NEED 

THS CIRCUIT IS A MODIRED VERSION OF Tf-E ONE ON PAGE 5Y. NO ADDITIONAL PARTS ARE 

necessary. 



1. □ Push Power and display switches off. ‘i. □ connect hy to jy cwhtj. 

2 . n REMOVE UAHT WIRE ACROSS HY AnD E7. 5 . □ CONNECT lY TO L7 (WHTJ. 

5. □ REMOVE WHT WIRE ACROSS RY AnD GROUND. 


2. TEST THE HRCUIT 

BECAUSE THIS CIRCUIT HAS BEEN MODlRED FROM A PREVIOUS PROJECT, ITS VERY IMPORTANT 
TO BE CEECK THAT NO WIRES OR PARTS HAVE COME LOOSE. IF YOU HAVEN Y ALREADY DONE 
SO, DISCHARGE ANY STATIC ELECTRICAL CHARGE ON YOUR BODY BY TOUCHING A GROUNDED 
METAL OBJECT. PUSH THE POWER SWITCH ON, AND YOU HEAR NOTHING. NOW PRESS YOUR 
FINGER AGAINST THE TOUCH SENSOR. Tf-E SPEAKER EMITS A TONE. ADJUST lOlK CONSOt E 
Pot RY FOR THE MOST DESIRABLE SOUND WHEN THE SENSOR IS TOUCHED. 


5. GOING FURTHER 

AS WITH THE CIRCUIT ON PAGE 5Y, THIS CIRCUIT IS MORE SENSITIVE TO TOUCH VMYEn THE 
BLACK conductive FOAM PRESSURE SENSOR IS INSERTED INTO THE TOUCH SENSOR APERTURE 
A VERY LIGHT TOUCH ON THE PRESSURE SENSOR WILL ACTIVATE THE TONE. YOU CAN ALSO 
CONTROL THE TONE BY PLACING A SMALL WEIGHT ON THE PRESSURE SENSOR. AN 
INTERESTING EXPERIMENT IS TO TOUCH THE TOUCH SENSOR AFTER SLIGHTLY MOISTENING 
YOUR FINGERTIP. THE TONE CONTINUES EVEn WWEn YOU REMOVE YOUR FINGER BECAUSE YOUR 
finger deposits A THIN FILM OF MOISTURE ACROSS THE TOUCH SENSOR ELECTRODES. THIS 
MOISTURE continues TO CONDUCT EvEN WHEN YOUR FINGER IS GONE, SO THE TONE REMAINS 

ON. eventually, the rlm of moisture Evaporates and the tone ceases. 
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VOLl WILL &U1LC A TOUCH SWITCH THAT SWITCHES OiSlE LES ON AnC A SECOND LED OFF. 
THE LEDS remain ON AnD OFF FOR A rlxED TIME INTERVAL EVEN AFTER YOU REMOVE YOUR 

finger From, the touch sensor, this circuit uses the conductive foam pressure 
sensor to provide better response to touch. 


PARTS YOU WILL NEED 


IH J3 11 :t ID 6 



i 1 J S 4, 7 


R:, R5-I00IC (BRN-BLR-YEU 
R2 lOM CBRN BLK BLUJ 
RY, R5-Y70 (YEL-VIO-BRN) 





Cl 100 UF 



green led pressure sensor 

RED LED 



1. □ Push Power and display switches off. 

2. □ insert you 1C ACROSS SLOT (PIN 1 AT F5J. 
5. □ INSERT R1 ACROSS SPRING 5 AND FL 

Y. □ INSERT RZ ACROSS FY AND 4-Yv. 

S. □ INSERT R5 ACROSS KY AND GROUND, 

t. □ INSERT RY ACROSS JIO AND SIO. 

7. □ INSERT R5 ACROSS IS AND T7. 

S. □ INSERT Cl ACROSS H2 C+J AND J2 (-). 

9. □ INSERT RED LED ACROSS Tb (ANODE) AnD 
GROUND (CATHODE). 


10. □ INSERT GREEN LED ACROSS S9 
(ANODE) AND GROUND (CATHODE). 

U. □ CONNECT tl TO GROUND (WHT). 

12. □ CONNECT FlO TO +9V (WHT). 

13. □ connect J1 TO <L (WHT). 
lY. n connect IY TO L? (WWT). 

15. n connect GY TO L8 (WHT). 
lb. n connect H9 to J9 (WHT). 

17. □ connect GIO TO HIO (WHT). 

18. □ connect KIO TO LIO (WHT). 

19. □ connect spring fc TO GROUND (RED). 


2. TEST THE CIRCUIT 


CHECK FOR ERRORS. BE SURE THAT THE EXPOSED LEADS CF Cl, R1 AnD R2 DO NOT TOUCH 
one another. DISCHARGE ANY STATIC ELECTRICAL CHARGE ON YOUR BODY BY TOUCHING A 
grounded metal object, insert the foam PLASTIC PRESSURE SENSOR INTO THE TOUCH 
sensor opening. Push the power switch on, and wait for the red led to glow. 
GENTLY touch THE FoAM INSERT IN THE TOUCH SENSOR. THE RED LED SWITCHES OFF, 
AND THE GREEN LED GLOWS FOR A TIME DETERMINED BY R3 AND Cl. THE GREEN LED GLOWS 
even after you remove your finger from the touch sensor. THIS CIRCUIT WORKS BEST 
when the conductive foam Insert is placed into the touch sensor, moisten your 

finger tip And Rl=MOVE EXCESS MOISTURE WITH A Cl OTH OR PAR=R TOWlH . REMOVl: THE 
FOAM INSERT FROM TEE TOUCH SENSOR. TOUCH YOUR FINGER TlP AGAINST THE TOUCH 
sensor, and the red led switches off and the green led GLOWS. 
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USE THE TOUCH SENSOR TO KEEP A TONE ON OR OFF 

YOU WILL MODIFY THE CIRCUIT ON PAGE 5fc THAT SWITCHES A LED ON OR OFF SO THAT IT 
SWITCHES A tone ON OR OFF. THE TONE REMAINS ON FOR A FIXED TIME INTERVAL EVEN 
AFTER YOU REMOVE YOUR RNGER FROM THE TOUCH SENSOR. 


PARTS YOU WILL NEED 


6 7^5 
n n n n 

□ 5SS 

U U □ lET 


— 

R2-10K (BRN-BLK-ORG) Cl-0.1 UF (10^0 

R5-270 (RED-VIO-BRN) 



PRESSURE sensor 


CIRCUIT DIAGRAM 


TO Pin 10 OF ‘flll FOR normally on tone. 
TO Pin 11 of you for normally off tone. 


+ 9V +^V -t-YV 



1. MODIFY THE CIRCUIT THAT KEEPS AN LED ON OR OFF 


1. □ Push Power and Display switches oFF. 

2. □ INSERT 555 IC ACROSS SLOT (PlN 1 AT 05J. 

5. □ insert R2 ACROSS PlO AND GilO. 

Y. C insert R5 ACROSS SPRING 23 AnD +9V. 

5. C insert Cl ACROSS 02 AnD P2. 
k. □ connect PY TO Q? t\AWTJ. 

?. □ connect RY to 0? (WHTJ. 

2. TEST THE CIRCUIT 

THE expanded circuit IS PRETTY CROWDED, SO CHECK YOUR WIRING CAREFULLY TO MAKE 
SURE YOU HAVE MADE NO ERRORS. THEN INSERT THE PRESSURE-SEnSITIVE BLACK FOAM 
CYLINDER INTO THE TOUCH SENSOR OPENING. PUSH THE POWER SWITCH ON. YOU WILL HEAR A 
tone OR BUZZ. PRESS LIGHTLY ON THE FOAM INSERT IN Tf€ TOUCH SENSOR, AND Th€ 
FREOUENCV OF THE TONE CHANGES DRAMATICALLY. TO OPERATE THE CIRCUIT IN A TONE 

on-off mode, Push the Power switch off. remove the red led, and Push the power 

SWITCH ON. IF the SPEAKER BUZZES, ROTATE lOOK CONSOLE POT R1 TOWARD THE LEFT 
UNTIL THE BUZZ STOPS. TOUCH THE FOAM INSERT IN THE TOUCH SENSOR, AnD THE 
SPEAKER EMITS A TONE FOR A TIME DETERMINED BY R1 AnD Cl. ADJUST R1 FOR TEE BEST 
SOUND. 


8. □ CONNECT 01 TO GROUND C\MHTJ. 

9. □ connect OID TO -t-W (RED). 

10. □ connect RIO TO I? (RED). 

U. □ connect spring 13 TO P7 (BLUJ. 

12. □ connect spring 1Y to -^YV (BLU) 

13. □ connect spring 2Y TO OY (RED). 


5. GOING FURTHER 

THE CIRCUIT IS connected SO THAT THE TONE IS ON. TO CONNECT THE CIRCUIT SO THE 
tone is off, remove THE GREEN LED AnD MOVE THE RED WIRE AT 17 TO J7. THE TONE IS 
SWITCHED OFF WHEN YOU TOUCH THE FOAM INSERT IN THE SENSOR SWITCH OPENING. 


57 



USE TH£ TOUCH SENSOR TO SWITCH OFF BUZZt^R 


YOU WILL EUILO A SIMPLE TOUCH SWITCH FROM A SINGLE GATE IN A YOU QUAD NAnD GATE 
and the POWtR FET. NORMALLY THE BUZ2ER SOUNDS. TOUCHING THE TOUCH SENSOR QUIETS 
THE BUZZER. AS WITH THE PREUOUS CIRCUITS, THIS CIRCUIT INCLUDES TWO 100,000 OHM 
RESISTORS CRl AnD RZJ TO HElP PROTECT THE CMOS GATE FROM ELECTROSTATIC DISCHARGE. 



Ql-POWER FET 


HROJiT DiAGRAM 



M 


Buzzer 

ground unused inputs of you 

(PINS 5, b, S, 9, 12 and 13J. 


1. BUILD THE CiRCUT 


1. □ Push Power and display switches off. 

2. □ insert you ic across slot (Pin i at fs). 
5. □ Insert qi at ci (gj, bi (D) and ai (s). 

Y. □ Insert ri across spring s And Fi. 

E. □ Insert rz across spring l anD gi. 

b. □ insert R3 across gy and ly. 

7. □ INSERT RY across C3 AnD H3. 

8. □ connect LI TO ground (WHT). 

9. □ connect FlO TO +9V (WKT). 

10. □ connect F2 TO ^■9V (\AHTJ. 


11. □ CONNECT B5 TO +9V (WHT). 

12. □ CONNECT II TO Kl (WHT). 

15. □ connect kZ TO L2 (VyHT). 

lY. □ connect GIO to HIO (VVHT). 

15. □ connect too TO LIO (\MHTJ. 

It. □ connect H9 to k9 (WHT). 

17. □ connect l? TO ground (UHTJ. 
IB. □ connect spring 21 TO A5 (RED) 
19. n connect spring 22 to ground 

(BLUJ. 


2. TEST THE ORCUIT 

Inspect your w'ir'.ng and fix any errors, be sure that all the unused you inputs 

ARE connected to GROUND. DISCHARGE STATIC ELECTR1CIT7 ON YOUR BODY BY TOUCHING A 
grounded METAl OBJECT, SUCH AS A SCREW ON A LIGHT SWITCH PLATE. PUSH THE POWER 
sw'',TCH ON And the Buzzer sounds, press the touch sensor with your rnger and 
THE Buzzer is silent, remove your finger and the buzzer sounds again, note that 

THE BUZZER CONTINUES TO SOUND UNTIL YOU PRESS DOWN ON THE TOUCH SENSOR. YOU 

shoulDn t have to Press down very hard unless your srin is unusually dry. vary 
THE Pressure and the angle of your finger for best results. 


GO\NG FURTHER 

As WITH PREVIOUS TOUCH SENSOR PROJECTS, YOU CAN USE THE PRESSURE SENSOR WITH 

THIS PROJECT. Insert the foam plastic pressure sensor into the touch sensor 
API=RT uRi: And press VERY CEnTI Y. THE BuZZER IS SIIEnT. 









USE THE TOUCH SENSOR TO SWITCH THE BUZZt^R OH 

YOU WILL ADD A GATE TO THE aRCUIT ON PAGE 58 TO BUILD A TOUCH SWITCH THAT 
ACTIVATES THE BUZZER. THE BUZZER IS SILENT UNTIL YOU TOUCH THE TOUCH SENSOR. 
THE CIRCUIT retains THE TWO 100,000 OHM RESISTORS (R1 AnD R2J THAT HELP PROTECT 
THE CMOS GATE FROM ELECTROSTATIC DISCHARGE. 


PARTS YOU \MLL NEED 

THS CIRCUIT IS A MODIRED VERSION OF Tf-E ONE ON PAGE 58. NO ADDITIONAL PARTS ARE 

necessary. 


DRCUiT DIAGRAM 


+ QV 







BUZZER 



ground unused TNHlTS OF YOU (PINS 8, 9, 12, AnD 13). 

1. MODIFY THE TOUCH SWITCH THAT SWTCHES OFF BUZZER (P. 5&) 

1 . □ Push Power and Display switches off. 3 . □ remove wht wire across rz and lz. 

2. □ REMOVE RY ACROSS C3 AnD H5. Y. □ INSERT RY ACROSS C3 AND I3. 

5. □ CONNECT HZ TO J2 (WHTJ. 

2. TEST THE CIRCUIT 

BECAUSE YOU HAVE MODiRED A CIRCUIT THAT YOU PREVIOUSLY BUILT, SOME WIRES OR PARTS 
MAY HAVE COME LOOSE, SO IT 's IMPORTANT TO CHECK YOUR WIRING CAREFULLY. IF YOU 

Haven't already done so. discharge any static electrical charge on your body by 

TOUCHING A GROUNDED METAL OBJECT, SUCH AS A SCREW ON AN ELECTRICAL LIGHT 
SWITCH PLATE. 

Push the Power switch on, and nothing happens, now press your index finger 

AGAINST THE TOUCH SENSOR. THE BUZZER SOUNDS. REMOVE YOUR FINGER, AND THE BUZZER 
IS Sit ENT. 


GOING FURTHER 

YOU CAN USE THE PRESSURE SEnSOR WITH THIS TOUCH SEnSOR PROJECT. INSERT THE FOAM 
PLASTIC PRESSURE SEnSOR INTO THE TOUCH SEnSOR APERTURE AnD TOUCH OR PRESS DOWN 
gently on the FOAM PLASTIC. THE BUZZER SOUNDS. NOTE THAT THE CIRCUIT IS MUCH 
MORE sensitive TO TOUCH WHEN TEE PRESSURE -SENSITIVE FOAM IS USED. 

AS WITH OTHER TOUCH SENSOR PROJECTS, YOU CAN BYPASS THE SENSOR AnD USE YOUR 
finger TO BRIDGE SPRINGS 5 AnD t. OR THE LEADS OF RESISTORS R1 AnD R2. BE SURE TO 
TOUCH THE LEADS OF R1 AND R2 THAT MAKE CONTACT WITH SPRINGS 5 AND t. TOUCHING 
THE LEADS THAT ARE CONNECTED DIRECTLY TO THE INPUTS OF THE YOU GATE MAY 
INITRODUCE STATIC ELECTTZIC1T7 THAT CAN DAMAGE THE GATE. 



USE A TOUCH SENSOR TO TURN G 


ON/ 


0 


YOlJ VWLL lJSE all four gates IK A 4011 TO BLILD A RED/GREEN LEC TOUCH SWITCH. 
NORMALLY THE RED LED GLOWS. TOUCHING THE TOUCH SENSOR EiCTlNGUISHES THE RED LED 
and causes the green led to GLOW. 


ITS YOU WILL NEED 


n uii 10 9 s 



1 t ? ‘t S fc 7 


—SE- 
RI, R2-100K (BRN-BLK-YEL) 
R5-10M (BRN-BLK-BLUJ 
R'i, R5 '170 (TLL VIO BRN) 


RED LED 

green led 



:. □ Push power and display switches off. id. □ connect li to ground 

2. U insert '1011 IC ACROSS SLOT tPiN 1 AT FS). 11. U CONNECT FlO TO tWHI). 
5. □ INSERT R1 ACROSS SPRING 5 AND Fl. 12. □ CONNECT F2 TO 4-W (WHT). 

4 . □ INSERT R2 ACROSS SPRING fe AND Gl. 15 . □ CONNECT H2 TO J2 tWHTJ. 

5. □ INSERT R5 ACROSS G4 AND L4. 14. □ CONNECT J1 TO R1 CWHTJ. 

t. □ INSERT R4 ACROSS JIO AND SIO. 15. □ CONNECT I4 TO G7 (WHT). 

7. □ INSERT R5 ACROSS 17 AND T7. lA. □ CONNECT H4 TO K7 (WHT). 

a. □ insert green led across S9 (AKODE) 17. □ connect GIO TO HID (WHT). 

and ground (CATHODE). 13 . □ CONNECT RIO TO LID (WHT). 

9. □ INSERT RED LED ACROSS Tt (ANODE) 
and ground (CATHODE). 


2. TEST THE CIRCUIT 


CHECK YOUR WIRING FOR ERRORS. DISCHARGE ANY STATIC ELECTRICAL CHARGE ON YOUR BODY 


BY TOUCHING A GROUNDED METAL OBJECT. PUSH THE POWER SWITCH ON, AnD THE RED LED 


GLOWS. PRESS THE TOUCH SENSOR WITH YOUR FINGER. THE RED LED SWITCHES OFF AnD THE 


GREEN LED GLOWS. REMOVE YOUR FINGER AND THE GREEN LED SWITCHES OFF AND THE RED 
LED AGAIN GLOWS. THIS CIRCUIT IS VERY SENSITIVE AND WORKS FINE WITH FINGER PRESSURE 
ALONE. IF NOT, insert THE FOAM PLASTIC PRESSURE SENSOR INTO THE TOUCH SENSOR 
APERTURE and PRESS VERY GENTLY. THE RED LED SW,T0)-ES OFF AND tne GREEN LED GLOWS. 


to 








USE A TOUCH SENSOR TO CHANGE THE TONE FREClUENCV 

combine two gates in the ^11 WITH A 555 CONNECTED AS AN AuDlO OSCILLATOR TO 
BUILD A touch-controlled OSCILLATOR. NORMALLY THE SPEAKER EMITS AN ADJUSTABLE 

tone, the tone becomes a buzz or is silenced by touching the touch sensor. 


PARTS YOU WILL NEED 


iH n liji IQ ? a 

n n n n n n n 

□ SOU 

U U U U U U Li 
1 1. 1 ‘1 s G 7 


6 ■? fc 5 
n n n n 

□ 5SS 

u u u u 

1. i 'L ^ 


_ 1 • ^ 

Rl, R 2 - 100 K (BRN-BLK-YEL) 
R5-10M (BRN-BLK-BLUJ 
R5-10K CBRN-BLK-ORGJ 

Ri^;-?70 CRED-VIO-ERNJ 



Cl- 0.1 UF UOYJ 


CIRCUIT DIAGRAM 



2. L insert 'iOll IC ACROSS SLOT (PIN 1 AT F5J. ib. □ 

5. □ INSERT 555 IC ACROSS SLOT (P',N 1 AT Gi5). 17 . □ 

Y. □ INSERT Rl ACROSS SPRING 5 AND Fl. Ig. □ 

5. □ Insert rz across spring t. And gi. 19 . □ 

t. □ Insert rs across gy and ly. 20 . □ 

?. □ Insert R 5 across rio and sio. 21 . □ 

a. □ Insert rl across ca and +w. 22 . □ 

9. □ INSERT Cl ACROSS 01 AND Rl. 25. □ 

10 . □ connect LI TO ground (WHTJ. 29. □ 

11 . □ connect FID TO +97 (WHT). 25. □ 

12. □ connect F2 to +97 (WHT). 2b. U 

15. □ connect HZ TO JZ (WHTJ. 27. □ 

19. □ connect J1 TO K1 (WHTJ. 


connect KIO TO LIO (WHT). 

connect H9 to r;9 (\awt). 
connect L9 TO GROUND (\AWT). 
connect 09 TO GROUND (WHT). 
connect R9 to S? (WWT). 
connect T9 to Q? (WHTJ. 
connect QIO TO +97 (RED). 
connect 19 TO T? (RED). 
connect spring 13 TO R? (BLUJ. 
connect spring 19 TO +97 (BLUJ. 
connect spring 23 TO CIO (RED). 
connect spring 29 TO S9 (RED). 


2. TEST THE CIRCUIT 

CHECK YOUR WIRING FOR ERRORS. DISCHARGE ANY STATIC ELECTRICTT/ ON YOUR BODY BY 
TOUCHING A grounded METAL OBJECT. ROTATE lODK CONSOLE POT R9 TO ITS MIDPOINT. 

Push the Power switch on and a tone sounds, adjust the tone to your liking by 

ROTATING R9. TOUCH TEE TOUCH SENSOR. THE TONE EITFER CEASES ENTIRELY OR BECOMES A 
BUZZ. IF THE CIRCUIT DoESN Y REsPOND TO TOUCH, PRESS YOUR RNGER AT A DIFFERENT 

angle. ACxIUST R9 to silence tee circuit when You touch the sensor. 


1=1 



&U1LD A PR£SSURE-SENSmVE RISING TONE OSCILLATOR 

THE sensor CIRClJITS CESCRIBEC IN THE PREVIOUS SECTION (P. 52-tl) ARE PRESSURE SENSITIVE 
TO T(-e extent that thEY CAN 6E INPLUENCEO SV HOW HARO YOU PRESS THE TOUCH 
sensor, the circuits on pages bZ-t; ARE SPECIFICALLY DESIGNED TO BE PRESSURE 
sensitive, this is achieved by PLACING A SMALL CYLINDER OF ELECTRICALLY CONDUCTIVE 
BLACK FOAM PLASTIC OVER THE TOUCH SENSOR ELECTRODES. YOU WILL LEARN HOW TO USE 
THIS PRES SURE -SENSITIVE FoAM BY BUILDING AN OSCILLATOR THAT EMITS AN AUDIO TONE. 
THE TONE FREQUENCY RISES \MHEN YOU PRESS ON THE PRESSURE SENSOR. 


PARTS YOU WILL NEED 


6 T t 5 

n n n n 

□ 5S5 
u u u u 

1 i 5 



Rl-IM tBRN-BLK-GRNJ Cl-0.001 UF (lOR) PRESSURE SENSOR 

RR-270 tRED-VlO-BRNJ 



1. BUILD THE CIRCUIT 


1. □ Push Power and display switches off. 

2. □ insert 555 IC ACROSS SLOT (PIN 1 AT J5J. 
C. U insert R1 across LIO and KIO. 


% 


h. 


□ Insert rz across Ea And jb. 
c Insert ci across ji And kl 
C connect J2 to ground t\AWTJ. 


?. □ connect TO 4^ (WHT). 
a. □ connect ky to L7 (wht>. 

9. □ connect my to J7 (WHT). 

10. □ connect spring 5 TO 4-9V EREDj. 

11. □ connect spring fc TO K? CREDj. 

12. I I connect SPNINC-. 25 TO ElO (RED). 

13. □ CQNNECT SPRING ZY TO LY tREOJ. 


2. TEST THE CIRCUIT 


CHECK FOR ERRORS. INSERT THE FOAM CYLINDER INTO THE TOUCH SENSOR OPENING. PUSH 

THE Power switch on. you hear a buzz or no sound at all. gently press down on 

THE PRESSURE SENSOR. A BUZZ THAT QUICKLY BECOMES A TONE SOUNDS AS YOU CONTNUE TO 
PRESS DOWN ON THE SENSOR. RELAX THE PRESSURE AnD THE TONE FREQUENCY FALLS. MOVE 
YOUR finger, the tone BECOMES A SLOW BUZZ OR THE SPEAKER BECOMES SILENT. 


5. GOING FURTHER 

HOLD Different objects on the pressure sensor while listening to the tone 

CHANGE. FOR BEST RESULTS, USE OBLONG OBJECTS. CAUTION: AVOID USING HEAVY 
OBJECTS. USE CARE TO PREVENT THE OBJECT FROM FALLING ON THE CONSOLE. THE CIRCUIT 
CAN BE MADE INTO A MOVEMENT AnD VIBRATION SENSOR. PLACE THE CONSOLE NEAR A WALL 
AND PLACE A METAL ROD OR SCREWDRIVER SO THE LOWER EnD RESTS ON THE PRESSURE 
SENSOR, THE OTHER AGAINST A WALL. MOVEMENTS CAUSE TONE FREQUENCY CHANGES. 











BUILD A PRESSURE-SENSmVE FALLING TONE OSCILLATOR 

BUILD AN AUDIO OSCILLATOR THAT CREATES A TONE FREQUENCY THAT FALLS WITH PRESSURE. 
THIS CONTRASTS WITH Tf-E PREVIOUS CIRCUIT, Wf-ERE THE FREQUENCY RISES WITH PRESSURE. 


PARTS YOU WILL NEED 


S T t S 

n n n n 
□ 555 

u u u u 

L i 3 4 



R5-10K (BRN-BLK-ORGJ Cl-0.1 UF (lOY) PRESSURE SENSOR 

RY-270 (RED-VIO-BRNJ 


DRCUiT DIAGRAM 




1. BUILD THE CIRCUIT 


1. □ Push Power and display switches off. 

1. □ insert 555 IC ACROSS SLOT (PIN 1 AT J5J. 
5. □ INSERT R3 ACROSS LID AnD KIO. 

Y. C insert RY across E8 AnD J8. 

5. □ INSERT Cl ACROSS J1 AND Rl. 
t. □ CONNECT JZ TO GROUND tWHTJ. 

7. □ CONNECT JIO TO 4-^ CWHTJ. 
a. □ CONNECT RY TO L7 (WHTJ. 

Y. □ CONNECT MY TO J7 (WHT). 


ID. □ connect spring 5 TO +W (RED). 

11. □ connect spring b TO MS (RED). 

12. □ connect spring 10 TO GROUND 
(RED). 

13. □ CONNECT SPRING 11 TO MY (RED). 

lY. U connect spring 13 TO KY (BLU). 

15. □ CONNECT SPRING lY TO +YM (Bai). 

lb. □ CONNECT SPRING 23 TO ElO (RED). 

17. □ CONNECT SPRING 2Y TO LY (RED). 


2. TEST THE CIRCUIT 

CHECK WIRING FOR ERRORS. INSERT THE BLACK FOAM CYLINDER INTO THE TOUCH SENSOR 
opening, rotate lOK CONSOLE POT Rl TO ITS MID-POINT. PUSH THE POWER SWITCH ON. An 

Audio tone sounds, adjust iook console Pot rz until the tone frequency is reason 

ABLY pleasant. NOW PRESS DOWN ON THE PRESSURE SEnSOR WITH YOUR FINGER. THE 

frequency of the tone falls, you can adjust both Rl and R2 to alter the circuit 
tone range. Rl and the pressure sensor form a moltage divider, so pressing down 

ON THE PRESSURE SENSOR OR ADJUSTING Rl CHANGES THE VOLTAGE AT THE CONTROL 
INPUT (PIN 5) OF THE 555. THIS CHANGES THE TONE FREQUENCY. R2 IS INDEPENDENT OF THE 
PRESSURE sensor, changing ITS VaLUE CHANGES THE TONE FREQUENCY. 


5. GOING Further 

THE experiments DESCRIBED IN GOING FURTHER ON PAGE b2 CAN ALSO BE TRIED WITH THIS 
CIRCUIT, caution: AVOID USING HEAVY OBJECTS AnD USE CARE TO PREVENT THE OBJECT 


FROM FALLING ON THE CONSOLE. 



BUILD A PRESSURE-ACTIVATED TONE GENERATOR 

BUlLi \ CIRCUIT THAT PRODUCES A TOAE OALY WHEN THE PRESSURE SEiYSOR IS PRESSED. IT 
CA:Y BE EASILY MODIFIED TO PRODUCE A TOAE THAT is SWITCHED OFF BY PRESSURE. 



1 2. 3 H 



GROUND UNUSED INPUTS OF ‘^011 (P'.NS fl, 9, 12 AND 15J. 


1. BUILD THE CiRCUiT 

1. □ Push Power and display switches to 

2. □ INSERT 272 IC ACROSS SLOT (PIN 1 AT 
5. □ INSERT YOU IC ACROSS SLOT (PIN 1 AT 
Y. □ INSERT R1 ACROSS SPRING t AND GL 

5. □ INSERT Cl ACROSS Ol AND 01. 
b. □ connect hi to ground (WHT). 

7. □ connect ElO TO 4-9V (UHTJ. 

6. □ connect T"- to ground (WHTJ. 

9. □ connect N9 to 4-W (RED). 

10. □ connect EY to NY (WHT). 

11. □ connect P3 to R3 (WHTJ. 

12. □ connect R2 to S2 (WHTJ. 

15. □ connect 010 TO PlO (WHT). 
lY. □ connect P9 TO S9 (WHT). 

15. □ connect SIO TO TIO (WHTJ. 

Ik. □ connect TY to ground (W)TJ. 


OFF. 17. r connect spring 5 TO 4-W (RED). 

E5). IS. □ connect spring 10 TO ^■9V (SLUJ. 

N5). 19. □ connect spring 11 TO FI (RED). 

20. □ connect spring 12 TO GROUND 

(RED). 

21. □ connect spring 13 TO 02 (RED). 

22. U connect spring 1Y TO P2 (Bai). 

23. □ connect spring Ik TO GROUND 

(BLU). 

2Y. □ connect spring 1? TO G3 (BLU). 

25. □ connect spring 13 TO +9V (BLU). 

2k. □ connect springs 23 AND ?b (RED). 

27. □ connect springs 2Y AND 25 (WKT). 

28. □ connect spring 27 TO OY (RED). 

29. □ connect spring 28 TO GROUND 

(RED). 


2. TEST THE CIRCUIT 

CHECK FOR ERRORS. ADJUST ICOK CONSOLE POT R^^ 2/3 TO THE RIGHT. ADJUST ICK AnD IV, 

console Pots R3 and R2 to their mid-Points. insert the pressure-sensitive foam 

CYLINDER into THE TOUCH SENSOR OPENING. NOW PUSH THE POWER SWITCH ON. IF YOU 
HEAR A tone, ADJUST R2 OR R3 TO THE RIGHT UNTIL THE TONE STOPS. PRESS GENTLY ON 

THE Pressure sensor, you should hear a tone, reverse the circuit operation by 
removing the red wire between spring 5 and -^9V. connect a red wire from spring 5 
to ground, adjust R2 and R3 UNTIL THE TONE STOPS WHEN THE SENSOR IS PRESSED. 












USH PRHSSURH TO SPHt^D UP A FLASHING LH^ 


MANY GRCUITS CAN CHANGE THE RATE AT WHICH A LED FLASHES. MOST ARE CONTROLLED 

BY adjusting a potentiometer, the circuit you are about to build is unique be 

CAUSE YOU CONTROL THE LED FLASH RATE BY SIMPLY PRESSING DOWN ON THE PRESSURE 
sensor. YOU WILL BUILD THE CIRCUIT AnD ADJUST A CONTROL POTENTIOMETER TO GIVE 
VARIOUS EFFECTS. 


PARTS YOU WILL NEED 


a 7 t- 5 
n i~i n n 

□ 5S5 
u u u u 

i 2. 1 


R2 lOK (BRN BLR ORGJ 
R3-Y70 tYEL-VlO-ERNJ 



Cl 1 UF 


RED LED 



PRESSURE SENSOR 


CIRCUIT DIAGRAM 



+ 9v +9v 





1. BUILD THE CIRCUIT 


1. □ Push Power and display switches off. 

2. U insert 55S 1C ACROSS SLOT (PIN 1 AT J5J. 
5. □ Insert R2 across lio anD rio. 

Y. c Insert rs across is and 4-9V. 

5 . □ Insert ci across ki c+j and ji t-j. 
fc. □ connect J2 to ground tVyEIT). 

?. □ Insert red led across iy canode) and 

LY (CATHODE). 


a. □ connect JIO TO +9V CWHT). 

Y. □ CONNITT RY to (7 (WHT). 

in. □ connect my to j? (wwt). 

11. C connect SPRING 5 TO (RED). 

12. □ connect SPRING fc TO K8 (RED). 

13. □ connect SPRING TO KY (BLU). 

lY. I I CONM.r. l SPRING 17 10 (E>Ul). 


2. TEST THE CIRCUIT 

CHECK YOUR WIRING FOR ERRORS. INSERT THE PRESSURE-SEnSITIVE BLACR FOAM CYLINDER 
INTO THE TOUCH SENSOR OPENING. ROTATE IM CONSOLE POT R1 TO ITS MID-POINT, THEN 

Push the Power switch uP. the led flashes a few times per second, press down 

ON THE PRESSURE SENSOR. THE LED FLASH RATE SPEEDS UP DRAMATICALLY. WEEN THE 
FLASH RATE REACHES AROUND lb FLASHES PER SECOND, THE LED APPEARS TO GLOW 
CONTINUOUS! Y. ADJUST R1 TO Ai TER THE OVERAl 1 FI ASH RANGE- FOR EXAMPIE, VMHlt E PRESS 

iNG Down on the Pressure sensor, adjust ri until you achieve a desired flash 
RATE, then release THE PRESSURE TO SEE W4HAT HAPPENS. 


5. GOING FURTHER 

FOR A SLOWER FLASH RATE, REPLACE (‘.1 WITH A Y.7 uF CAPACITOR. YOU CAN ALSO REPLACE 
THE RED LED WITH A GREEN LED. IN BOTH CASES, BE SURE TO OBSERVE POLARITY. 



USE PRESSURE TO SLOW A FLASHING LED 

sLo\'^i\G dowim a Flashing lec> is a bit more complicated than speeding up the flash 

RATE. YOU WILL USE THE CONTROL INPUT OF A 55E 11 TO SLOW OOWN A FLASHING LEIY BY 

connecting the pressure sensor and a potentiometer in series to form a voltage 

DIVIDER, pressing DOWN ON THE PRESSURE SENSOR CHANGES ITS RESISTANCE. THIS ALTERS 
THE VOLTAGE THAT THE DIVIDER APPLIES TO THE CONTROL INPUT OF THE 555. 


PARTS YOU WILL NEED 


S ■? fc 5 
n n n n 

□ BSS 

TJTTTTTT 
1 1 . 


RI lOK CBRN BLK ORGJ 
RY-Y70 CYEL-VIO-BRNJ 


;t=ct: 

Cl 1 UF 


RED LED 



PRESSURE SENSOR 


GROJIT DiAGRAM 



+ 9V +<?V +‘?V +*?V 




1. BUILD THE CIRCUIT 


1. □ Push Power and display switches off. 

2 . □ insert 555 1C ACROSS SLOT (PIN 1 AT J5). 
5. □ INSERT R5 ACROSS KID AnD LIO. 

N. U 1NSLR1 R'i ACROSS HI AnD +W- 
5. C INSERT Cl ACROSS K1 C+J AnD Jl (-J. 
b. C INSERT LED ACROSS H5 CAnODEJ AnD L3 
(CATHODE). 

?. □ connect J2 And ground (WHT). 


8. □ connect JIO to +9V (\AWTJ. 

□ connect my and J? (MHT). 

ID. □ connect KY and L? (WHT). 

U. □ connect spring 5 TO 4-9V (RED). 

12. □ CONNECT SPRING (, TO M7 (RED). 

13. □ CONNECT SPRING 15 TO GROUND (RED). 
lY. □ CONNECT SPRINGS lY AND fc (BLU). 

15. □ CONNECT SPRING lb TO K9 (BLU). 
lb. □ CONNECT SPRING 1? TO J9 CBLU). 


2. TEST THE CIRCUIT 

CHECK FOR ERRORS. THE lOCK CONSOLE POTENTIOMETER R1 AnD THE PRESSURE SENSOR 
CONTROL changes IN THE LED FLASH RATE. ROTATE R1 ALL THE WAV TO TEE LEFT. THE IM 
lONSOUL POILTIIOMI-ILR RZ CONTROLS THE BASIC FLASH RATE OF THE LED. ADJUST R2 TO 
ITS M'O-POlAT. INSERT THE PRESSURE-SENSITIVE BLACK FOAM CYLINDER INTO THE TOUCH 
SENSOR OPENING, THEN PUSH THE POWER SWITCH ON. THE LED FLASHES. PRESS DOWN ON 
THE FOAM PLASTIC PRESSURE SENSOR, AND THE FLASH RATE OF THE LED SLOWS. YOU CAN 
BETTER SEE THE CHANGE BY ROTATING R2 UNTIL THE FLASHES FROM THE LED MERGE 
together. NOW' WHEN YOU PRESS DC’W'N ON THE PRESSURE SENSOR, THE SLOWER FLASH 
RATE IS MORE APPARENT. 









BUID A SIMPLE SCALE WITH A BARGRAPH READOUT 

connect the pressure sensor to the led BARGRAPH READOUT TO FORM AN ELECTRONIC 
SCALE. A 272 OPERATIONAL AMPLIFIER MULTIPLIES THE PRESSURE TEN TIMES TO INCREASE THE 
SENSITIVITY OF TFE SCALE. A GREEN LED GLOWS TO INDICATE TFE READOUT IS OFF-SCALE. 


PARTS YOU WILL NEED 


8 T S 
n n n n 

□ VIZ, 

U O □ O' 
1 2 . 3 ^ 


R2-1M tBRN-BLR-GRNJ 
R5-10K (.BRN-BLK-ORG) 
R*t-1C0K (.BRN-&LK-YEL) 
R5-150 (.&RN-GRN-BRN) 


GREEN LED 



PRESSURE SENSOR 


CIRCUIT DIAGRAM 



-V-9V +9v 




1. BUILD THE CIRCUIT 


1 . □ Push Power and disPlat switches off. 9 . □ connect jic to ^- 9 V twi-ro. 

2. □ INSERT 272 IC ACROSS SLOT CPlN 1 AT J5J. Ifl. □ CONNECT SPRING 5 AnD -»-9V (RED). 


5. □ INSERT R2 ACROSS G5 AND L5. 

T. U INSERT R5 ACROSS K2 AND GROUND. 

5. □ insert RT across J1 AND KL 

L. □ insert R5 across as AND +^9V. 

?. □ insert led across Ab (ANODE) AND 
Db (CATHODE). 

S. □ connect Ml TO GROUND (WHT). 

2. TEST THE CIRCUIT 


11. □ connect spring b TO G1 (RED). 

12. □ connect spring 19 TO (RED). 

13. □ connect spring lb TO +9V (BLUJ. 

19. □ connect spring 1? TO G9 (BLU). 

15. □ connect spring LB TO GROUND (BLU). 

lb. □ connect spring Z9 TO DIO (ECU). 


CHECK FOR ERRORS. INSERT THE BLACK FOAM CYLINDER INTO THE TOUCH SENSOR OPENING. 
ROTATE IM CONSOLE POT R1 AU THE WAY TO TFE LEFT. PUSH THE POWER SWITCH UP AND 
PUSH TFE DISPLAY MODE SWITCH TO DOT. ROTATE R1 TO THE RIGHT UNTIL ONLY READOUT LED 
1 GLOWS. GENTLY PRESS DOWN ON THE PRESSURE SENSOR. A GLOWING LED MOVES UP THE 
READOUT AS THE PRESSURE INCREASES. WWEn THE PRESSURE CAUSES THE READOUT TO GO 
OFF SCALE, THE GREEN LED GLOWS. RELAX THE PRESSURE ON THE SENSOR AnD A GLOWING 
LED MOVES BACK DOWN THE READOUT. 


5. GOING Further 

INCREASE TFE SCALE SENSITIVITY BY REPLACING R5 WITH A IK RESISTOR. REMOVE R5 AND 
INSERT THE IK RESISTOR ACROSS K2 AND GROUND. TFE CIRCUIT IS NOW SO SENSITIVE THAT 
even very gentle pressure sends the READOUT OFF SCALE. 



USE THE PROBE SENSOR TO DETECT RESISTANCE I 

THE PROBE SEiMSCR CARC CAN BE CONNECTED DIRECTLY TO THE LED READOUT TO PROVIDE A 

simple resistance sensor, you will build this circuit and use it to sense resistance 

OF YOUR SkIN and water. YOU WILL ALSO BUILD A SIMPLE TIMER FROM A SINGLE CAPACITOR. 



CiRCUlT DiAGRAM 



2. n INSERT PROBE CARD IN REMOTE LINK SOCKET. 5. □ CONNECT SPRINGS 2 AND 20 (BLU). 
5. □ INSERT REMOTE LINK INTO SENSOR SOCKET. 


2. TEST THE GRCmr 

REMOVE electrical CHARGE FRO.V, YOUR BODY. PLACE PROBE SENSCR CARD SO ExPOSED PROBES 
Do NOT TOUCH ANYTHING. PUSH THE POWER SWITCH ON AnD THE DISPlAY MODE SWITCH TO 

Dot. readout lED id glows, indicating resistance between Exposed PrcbEs. 

Sk'iN RESISTANCE: GEnTLY press the PROBES AGAINST A FINGER TIP. THE GLOWING LED 
MOVES downward. Press slightly harder and eventually led i glows, moisten your 
finger tip and repeat, less pressure is needed to move the glowing led from id to 

BECAUSE MOISTURE GREATLY REDUCES THE RESISTANCE BETWEEN THE PROBES. 

WATER RESISTANCE: INSERT PROBES A SHORT DISTANCE INTO WATER. THE POSITION OT THE 
GLOWING LED INDICATES IF THE WATER RESISTANCE ',5 LOW OR HIGH. 

CAPACITOR TIMER: TOUCH THE LEADS OF A C.l UF CAPACITOR TOGETHER TO REMCV-E 
CHARGE. SPREAD LEADS APART AnD TOUCH THE PROBES TO THE TWO LEADS. READOUT LED 
: GLOWS. AFTER HALF A SECOND OR SO, LED 2 GLOWS. THIS CONTINUES UNTIL LED ID 
GLOW'S. TO SLOW' THE MOVING DOT, PLACE A 1 UF ELECTROLYTIC CAPACITOR ACROSS THE 
PROBES. SHORT THE CAPAOrrOR LEADS TOGETHER, THEN THE PROBE NEAREST THE BLACK 
REMOTE LINK WIRE SHOULD TOUCH THE LEAD OF THE CAPACITOR MARKED WITH A (-) SIGN. 
AFTER 5 SECONDS OR SO, LED 1 GLOWS. THIS CYCLE CONTINUES UNTIL LED 1C GLOWS, 
fcfi 










BUILD A HIGH-SENSITIVITY SK\H RESISTANCE MQKITQR 

YOU C.AN DETECT SKIN RESISTANCE U1TH A LED READOUT AnD NO OTHER COMPONENTS. USE 

AN operational amplifier TO sense skin resistance with greater sensitivity. 



1. □ Push Power and display switches off. 

2. □ insert probe card in sensor socket. 

5. U insert 272 ACROSS SLOT (PIN 1 AT J5J. 
Y. □ INSERT R1 ACROSS AY AND LY. 

5. □ INSERT R5 ACROSS K2 AND GROUND, 
t. □ CONNECT Ml TO GROUND (WHTJ. 

7. □ CONNECT JIO TO 4-YV CWHTJ. 


8. □ connect spring 1 TO (WHTJ. 

9- □ connect spring 2 TO A5 (REDj. 

10. □ connect spring 1Y to LI (BLUJ. 

11. □ connect spring is to ground crEDj. 

12. □ CONNECT SPRING 18 TO KY (BLUJ. 

15. □ CONNECT SPRING 17 TO JY (BLUJ. 

lY. □ CONNECT SPRING 19 TO J1 (REDj. 


2. TEST THE CIRCUIT 

REMOVE ELECTRICAL CHARGE ON YOUR BODY BY TOUCHING A GROUNDED OBJECT. INSPECT YOUR 
WIRING and CORRECT ANY MISTAKES. ROTATE IM CONSOLE POTENTIOMETER RY ALL THE WAY 
TO THE LEFT. PUSH THE POWER SWITCH ON AnD THE DISPLAY SWITCH TO DOT. MOISTEN 

YOUR Finger tips and Place them across the probes of the probe sensor, rotate 

THE lOOK CONSOLE POT RZ BACK AND FORTH. A GLOWING LED MOVES UP AND DOWN THE 
READOUT. TO INCREASE SENSITIVITY, SET RZ SO THAT ONE OF THE LEDS NEAR THE BOTTOM 
OF THE READOUT GLOWS WHEN YOUR FINGER TiPS ARE ACROSS THE PROBES. SLOWLY ROTATE 
RY TO THE RIGHT. THIS INCREASES THE OPERATIONAL AMPLIFIERS GMN, WHICH GREATLY 
INCREASES THE CIRCUIT'S SENSITIVIT/ TO RESISTANCE. WP€N A RESISTANCE SENSOR IS MADE 
FROM THE LED ALONE (SEE PAGE bSJ, A LOW RESISTANCE ACROSS THE PROBES MOVES THE 
GLOWING LED DOWN. IN THIS CIRCUIT, A LOW RESISTANCE MOVES THE GLOWING LED UP. 


5. GOING FURTHER 

YOU CAN USE THE REMOTE LINK TO MOVE THE PROBE AnD DO VARIOUS EXPERIMENTS. FOR 
EXAMPLE, YOU CAN INSERT THE PROBE TlPS INTO SOIL AnD MONITOR ITS RESISTANCE. MOIST 
SOIL HAS LOWER RESISTANCE THAN DRY SOIL. YOU CAN ADJUST RZ AnD RY SO THAT LED 10 
GLOWS when the soil IS MOIST. AS THE SOIL DRlES, THE GLOWING LED MOVES DOWN. 



BUILD A MQiSTURt^ AND WATER DETECTION BUZZt^R 

CIRCUITS THAT CETECT MOIST SURFACES A:MC WATER HAVE WAKY USES. THEY ARE USED TO 

SOUiYD An alarm when basew.Ents flood, when boats ta^e on water, ayo to advise 
blind people W'HEN to stop pouring liquid into a cup or cooking pot. you will build 
A W'ATER detection CIRCUIT THAT SOUNDS THE CONSOLE BUZZER WHEN THE PROBE 
ELECTRODES TOUCH MOIST SKIN OR ARE IMMERSED IN WATER. 


PARTS YOU WILL NEED 



a -? s 

n n n n 

—an 


^72. 

Rl-IM CBRN-BLK-GRNJ 

Lfl 

1 1 1 "1 1 1 1 1 * 

R5, R5-1K (BRN-BLK-REDJ 


1 1 1 1 1 1 1 1 

1 I- 3 H 

RY-IOM (BRN-BLK-BLU) 

III 


aROJlT DIAGRAM 



I. BUILD THE CtRCUtT 

1. □ Push Power and display switches off. 

2 . n insert probe card in sensor socket. 

5. □ INSERT 2?2 1C ACROSS SLOT tPlN 1 AT J5). 
Y. r INSERT Qi AT Ai (S), B1 (Dj AND [‘i (CO- 

s. c insert r: across ly and Et. 

b. C insert R5 across K2 AnD GROUND. 

7. □ insert ry across Ji and K1. 

8. □ INSERT RS ACROSS CY AND JY. 


9. □ connect 
I d. □ connect 

11 . n CONNECT 

12. □ connect 

13. □ connect 

lY. □ connect 
15. □ connect 

lb. □ connect 

17. U connect 


Ml TO ground (.\MHTJ. 

Jlfl TO 4-9V (WHTJ. 

B5 TO +^9V (WHT). 

SPRING 1 TO tWHTJ. 
SPRING 2 TO ElO (RED). 
SPRING 1? TO L5 (BLU). 
SPRING 18 TO ground (.BLUJ. 
SPRING 21 TO A5 (RED). 
SPRING 22 TO GROUND (BLU). 


TEST THE CIRCUIT 


REMOVE electrical CHARGE FROM YOuR BODY BY TOUCHING A GROUNDED OBJECT. CHECK YOUR 
WIRING FOR ERRORS. PUSH THE PCW'ER SWITCH ON. MOISTEN YOUR FINGERTIPS AnD PLACE 
THEM ACROSS THE EXPOSED PROBES. ADJUST l.V, CONSOLE PCT R2 UNTIL THE BUZZER JUST 

sounds, remove your fingers and the buzzer is silent, connect the Probe card to 

THE REMOTE LINK. DlP THE PROBES SLIGHTLY INTO THE W'ATER, AnD THE BUZZER SOUNDS. 
REMOVE THE PROBES AnD THE BUZZER IS SILENT. ADJUST R2 FOR BEST RESULTS. PLACE 
ONLY the Ends OF the probes in the W'ATER. 


5. GOING FURTHER 

REDUCE THE CIRCUIT SENSITIVITY BY REPLACING R^^ W'ITh A l^'^ RESISTOR (BRN-BLK-GRN). 
WHAT happens to THE CIRCUIT 's SENSITIVITY WHEN YOU ADD A DROP OF LEMON JUICE OR 


V-INEGAR TO THE W'ATER? BOTH LIQUIDS ARE ACIDS, MEANING THEY GREATLY REDUCE THE 

v/ater’s resistance. 
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BUILD A DIGITAL LOGIC WATER DETECTION CIRCUIT 

MOST PROBE CIRCUITS IN THIS MANUAL HAVE AN ANALOG INPUT (27Z OPERATIONAL AMPLIFIER 
OR 555 TIMERJ. THIS CIRCUIT HAS A DIGITAL INPUT (‘lOll CiUAO NANO GATE). BY BUILDING THIS 
CIRCUIT, YOU WILL LEARN HOW FLEXIBLE THE DESIGN OF PROBE CIRCUITS CAN BE. 


PARTS YOU WILL NEED 



water 


1. BUILD THE CIRCUIT 


L □ Push Powt-r and DisPtAY switches off. 

I . C insert PROBE CARD IN SENSOR SOCKET. 15. 
5. □ INSERT ‘^Dll IC ACROSS SLOT (PIN 1 AT H5). IL. 

*1. □ insert R1 across H2 and At. 1?. 

5. □ insert Cl ACROSS II AnD K1. 1 &. 

L. □ connect N1 TO ground (WHT). 

7. □ CONNECT HIO TO (WHT). 19. 

a. □ CONNECT J3 TO L5 (WHT). 20. 

9. □ CONNECT LY TO MY (WHT). 21. 

10. □ CONNECT NY TO N7 (WHT). 22. 

II. □ CONNECT IlO TO CIO (WHT). 

12. □ connect J8 to ms (WHT). 25. 

15. □ connect MIO TO NIO (WHT). 2Y. 


□ CONNECT SPRING 

□ CONNECT SPRING 

□ CONNECT SPRING 

□ connect spring 

□ connect spring 

(BLU). 

□ connect spring 
n connect spring 


1 TO (WHT). 

2 TO AlO (WHT). 
15 TO IZ (BLU). 
lY TO J2 (BLU). 

IL TO ground 

1? TO HY (BLU). 
la TO (-9V (BLU) 


□ connect spring 27 TO KY (RED). 

□ connect spring 2s to ground 
(RED). 

□ connect springs 25 AnD 2b (RED). 

□ connect springs 2Y to 25 (WHT). 


2. TEST THE CIRCUIT 

REMOVE ANY ELECTRICAL CFIARGE FTROM YOUR BODY BY TOUCHING A SCREW ON A LlGFIT SWITCH 
OR OTFER GROUNDED OBJECT. CHECK YOUR WIRING FOR ERRORS. ROTATE THE IM CONSOLE 

Potentiometer rz all the way to the left, then Push the Power switch on. 

ADJUST THE IDOK CONSOLE POTENTIOMETER R5 TO PROWDE THE MOST DESIRABLE TONE FROM 
THE SPEAKER. NOW ROTATE R2 UNTIL THE TONE JUST STOPS. TOUCH A MOISTENED RNGER 
TIP ACROSS THE PROBES OF THE PROBE CARD, AnD THE TONE RETURNS. CONNECT THE PROBE 
CARD TO THE REMOTE LINK TO TEST THE CIRCUIT WITH WATER. USE A SPOONFUL OF WATER 
IN A SMALL PLASTIC CUP OR SOFT DRINK CAP TO AVOID SPILLING WATER ON YOUR CONSOLE. 
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BUILD A LHP YES-NO WATER INDICMXR' 


VOU WILL BUILD A VERY SENSITIVE WATER AnD MOISTURE SENSOR. WHEN THE PROBES OF THE 
PROBE CARD ARE DIPPED INTO WATER OR TOUCHED TO A MOIST SURFACE, THE GREEN LED 
SWITCHES OFF AnD THE RED LED GLOWS. 


PARTS YOU W\LL NEED 


6 7 t S 







n n n n 


1 




□ ^'?2. 






— 

LI U U LI 


1 L 3 H 


Rl-IM (BRN-BLK-GRN) 
RZ-IOM CBRN-BLK-BLU) 

RY, R5-1K CERN-BLK-REDJ 



1 RED LED 
1 GREEN L£D 


CIRCUIT DIAGRAM 




OR 

WolST ioRFAce 




1. BUILD THE CIRCUIT 


1. □ Push Power and display switches off. 

?. □ insert probe card in sensor socret. 

3. □ INSERT 272 1C ACROSS SLOT CPiN 1 AT J5). 
Y. □ insert R1 across KY and Efc. 

Y. □ insert R2 across K1 AnD GROUND. 

5. □ insert R‘1 across II and f'JV 

fc. U insert RS across J5 and T3. 

7. □ INSERT RED LED ACROSS IZ CANODEJ AND 
JZ CCATHODEJ. 


S. □ insert green led ACROSS T2 (AN 
ODEJ and ground (CATHODE). 

9. □ CONNECT MY TO GROUND C'A'HT). 

Ifl. □ connect Jlfl TO +9V (WHTJ. 

11. □ connect spring 1 TO -fW (WHT). 

12. □ connect spring 2 TO ElO (RED). 

15. □ connect spring lb TO J9 (BLU). 

lY. □ connect spring 17 TO LY (BLU). 

15. U connect spring IB TO GROUND CBLU). 


2. TEST THE CIRCUIT 


REMOVE electrical CHARGE FROM YOUR BODY BY TOUCHING A GROUNDED OBJECT. CHECIC FOR 
ERRORS. Push the Power switch on and rotate i.v, console Pot rs untr the red ied 
IS OFF and the green LED IS OK. PLACE A MOIST FINGERTIP ACROSS THE PROBES OF THE 
PROBE CARD. THE GREEN LED TURNS OFF, AnD THE RED LED GLOWS. IF THE CIRCUIT DOES 
NOT WORk PROPERLY, ADJUST R3 UNTIL THE GREEN LED SWITCHES ON WHEN THE PROBES 
ARE NOT TOUCHING ANYTHING. THE CIRCUIT INDICATES W'HEn THE PROBES ARE DIPPED INTO 
WATER, connect THE SEnSCR CARD TO THE REMOTE LINK. THE CIRCUIT IS SC SENSITIVE 
THAT IT INDICATES W'HEN THE PROBES TOUCH YOUR HAND, EvEN IF YOUR HAND IS DRY. 

5. GOING FURTHER 

USE THIS CIRCUIT TO O-EcK IF MATERIALS ARE GOOD INSULATORS. SUCH VATBRIALS CONDUCT 
ELECTRIC, T7 POORLY, IF AT ALL. ADJUST R3 POR MAXIMUM SENSITIVITY THEN TOUCH PROBES TO 
THE materials TO TEST. THE GREEK LED CLOWS WHEk THE PROBES TOUCH GOOD 
INSULATORS LIKE GLASS, PLASTIC, AnD DRY PAPER. 
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BUILD A PHNDULUM SWITCH 

fENbULUM SWlTC.f-ES ARE USEb TO bETEET WBRATIOMS ANb MOVEMENT. TRANSFORM THE PROBE 
CARD INTO A SIMPLE PEnDULUM SWITCH BV HANGING THE PAPER CLIP FROM ONE OF THE 
PROBES. THE TONE FREQUENCY FROM THE SPEAKER FALLS WHEN THE PROBE CARD IS MOVED. 



1. BUILD THE CIRCUIT 

1. □ Push Power and display switches off. 

1. □ insert probe card in REMOTE LINK SOCKET. 

5. □ INSERT REMOTE LINK IN SENSOR SOCKET. 

5. □ INSERT 555 IC ACROSS SLOT tPiN 1 AT Q5). 

'i. L INSLR'I R2 ACROSS RIO ANb SIO. 

5. □ INSERT Cl ACROSS Q2 ANb OZ. 

t. □ INSERT CZ ACROSS Ql ANb Rl. 

7. □ INSERT R3 ACROSS F9 ANb 4 - 9 V. 

a. □ CONNECT Q5 TO GROUND tWHTJ. 


“?. □ CONNECT 

10. □ CONNECT 

11. □ CONNECT 

12. □ connect 
15. □ connect 
lY. n connect 
15. n connect 
I t. n connect 
17. □ connect 


Qa TO 4-9V (RED). 

TY TO Q7 (WHTJ. 

RN TO S7 CWHT). 

SPRING 1 TO S8 (BLUJ. 
SPRING Z TO 05 (REDj. 
SPRING n TO 4-9V (BLUJ. 
SPRING 13 TO R9 (RED). 
SPRING 25 TO Flfl (REbJ. 
SPRING 29 TO S9 CBLUJ. 


2. TEST THE gRCUlT 

REMOVE ELECTRICAL CHARGE FROM VOUR BODY. HOLD THE PROBE CARD OVER THE EDGE OF 
YOUR WORK SURFACE AND HANG THE PAPER CLIP FROM THE UPPER PROBE. THE PAPER CLIP 
SHOULD surround BuT NOT TOUCH THE LOWER PROBE. PUSH THE POWER SWITCH ON. THE 
SPEAKER EMITS A TONE. ADJUST THE TONE FREQUENCY TO THE PREFERRED VALUE BY 
ROTATING m console POT Rl. TILT THE PROBE CARD SO THE PAPER CLIP MAKES CONTACT 
WITH THE LOWER PROBE. THE TONE FREQUENCY FALLS MHEn THE PAPER CLIP TOUCHES THE 
PROBE. TILT THE SEnSOR CARD UPRIGHT, AnD THE TONE RESUMES ITS ORIGINAL VALUE. 

5. GOING FURTHER 

THIS CIRCUIT DETECTS VIBRATIONS AND GROUND MOTION CAUSED BY WIND, INTRUDERS, OR AN 
EARTHQUAKE. IF YOU DON Y NEED TFE "TWEE-DEL" SOUND PROVIDED BY THE 555 OSCILLATOR, 
connect THE PROBE DIRECTLY TO THE Bu22ER. CONNECT SPRING 1 TO +9V (WTITT THEN 
connect springs 2 and Z1 iVMTy CONNECT SPRING 22 TO GROUND (BLUJ. 
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BUILD A TEMPERATURE-CONTROLLED AUD>!0 QSClLUTOR 

SOMETIW.ES it's HElPFlJL TC BE ADVISEC AEOiJT A SUBTLE CHANGE IH TEMPERATURE BY 
A TONS change rather THAN A VISIBLE In:> 1CATCR SUCH AS A DIGITAL DISPLAY. YOU WILL 
BUILD A SIMPLE AuD',0 OSCILLATOR WMOSE FREQUENCY IS DETERMINED BY TEMPERATURE. 


PARTS YOU WILL NEED 




ZD 

8 7^5 

n n n n 

oi 



□ 55S 


— 

, 

U LI U U 


Rl-IDK (BRN-BLK-ORGJ 
RZ-270 (RED-VIO-BRNJ 



Cl-0.1 UF (lOY) 


GROUT DIAGRAM 


+ 9v +9V 



THE FREQUENCY OF S55 AuDiO 
OSCILLATORS IS USUALLY CHANGED 
BY means OF A Potentiometer. 

IN THIS CIRCUIT THE THERMISTOR 
PLAYS THE ROLE OF A POTENTIOMETER. 


I. BUILD THE CiRCUT 


n Push Power and disPi.ay switches off. 

2. □ insert tfermistor card in sensor socket. 

5. □ INSERT 555 1C ACROSS SLOT (PlN 1 AT Q5J. 

H. c Insert ri across rio and sio. 

5. □ insert R2 across G9 AND +9V. 

b. □ insert Cl ACROSS Rl AnD GROUND. 

?. □ connect Q5 TO ground CWHT). 


a. □ connect 03 TO 4-9V (RED). 

9. □ connect RY to S? (VWT). 
in. □ connect TY to O? (WHT). 

11. □ connect spring 1 TO 4-9V (WHT). 

12 . n connect spring 2 TO R9 (RED). 

15. □ connect spring 23 TO Gin (RED). 
lY. □ connect spring 2Y TO SY (BLU). 


2. TEST the GRCUIT 

INSFEC"^ WIRING For errors. Push the Pow'Er switch on. you hear a tone From the 
SPEAKER. IF NOT, PUSH THE PCW'ER SW'ITCH OFF AnD CHECK FOR ERRORS. THE THERMISTOR 
resistance is around 10,000 OHMS, AND IT DECREASES WHEN THE THERMISTOR IS WARMED 
and increases when the thermistor is cooled, if you warm Tf€ THERMISTOR CARD BY 
BLOWING ON IT, THE TONE FREQUENCY RISES. HEAT FROM SUNLIGHT HAS THE SAME EFFECT. 
FOR A MORE DRAMATIC DEMONSTRATION, CONNECT THE. THERMISTOR CARD TO THE CON SOI E 
USING the REMOTE LINK. HOLD THE SENSCR CARD NEAR AIR FROM AN AIR CONDITIONER OR 
HEATER. THE TONE FREQUENCY FALLS RAPIDLY WHEN THE CARD IS COOLED AnD RISES RAPIDLY 

when the card is heated, move the card away from the AIR, and the frequency of 
THE tone gradually RETURNS TO ITS PREVOUS VALUE. 


caution: Do not Place sensor cards, remote link, or console in liquids near a 

FLAME, soldering IRON, HAIR DRYER, OR OTHER HSAT SOURCE. LIQUIDS AnD EXCESSIVE FEAT 
,VAV DAMAGE THE PLASTIC COMPONENTS AnD DELICATE SENSORS. NEvER SPRAY ANY CHEMICAL 
INTENDED TO COOL OBJECTS ON THE SENSOR CARDS, REMOTE LINK, OR CONSOLE. CHEMICALS 
MAY DAMAGE AND DISCOLOR PLASTIC. 


?Y 








BUILD ^ TEMPERATURE-CONTROLLED THERMOSTAT 

THERMOSTATS ARE ELECTRONIC OR ELECTRO-MECHAMCAL DEWCES THAT SENSE TEMPERATURE. 
THEY SWITCH A HEATING OR COOLING DE^/ICE ON OR OFF WHEN THE TEMPERATURE STRAYS 
FROM A DESIRED LEVEL. YOU WILL BUILD A BASIC THERMOSTAT THAT SWITCHES ON A LED 

when temperature exceeds a Preset value. 


PARTS YOU WILL NEED 


a T s 



■ 



n n n n 

A ..A 1 
S--' I 




□ TIZ 




' 1 

u u u u 


L 7. Z H 


R5-1K (BRN-BLK-REDJ RED L£D 


CIRCUIT DIAGRAM 




1. BUILD THE CIRCUIT 

1. □ Push Power and display switches off. 

2. □ insert TI-ERMISTOR CARD IN SENSOR 
SOCKET. 

5. □ INSERT 272 1C ACROSS SLOT tPlN 1 AT J5J. 
Y. r insert R3 across HL and (-9V. 

5. □ insert led ACROSS HI (ANODE) AnD 
J1 (CATHODE). 

b. □ connect m: to ground (whtj. 


7. n connect j:o to i-cv (W'Ht;.. 

S. □ connect spring 1 TO LY (RED). 

9. □ connect spring 2 TO GROUND (RED). 
1C. □ connect SPRING 10 TO LI (RED). 

11. □ connect spring 11 TO J8 (RED). 

12. U connect spring 13 TO GROUND 
(RED). 

15. □ CONNECT SPRING lY TO K1 (BLU). 

lY. □ CONNECT SPRING 15 TO +9 V (BLU). 


2. TEST THE CIRCUIT 

CHECK THE CIRCUIT FOR ERRORS AND ADJUST lOK CONSOLE POT R1 TO ITS MlD-POlNT. PUSH 
THE POWER SWITCH ON. ADJUST lOOK CONSOLE POT R2 UNTIL THE LED JUST SWITCHES OFF. 

when the thermistor sensor card is warmed above its present temperature, the 

LED GLOWS. ADJUST R1 TO CONTROL THE CIRCUIT SENSITIVITY RANGE. CAUTION; DO NOT 
PLACE sensor cards, REMOTE LINK, OR CONSOLE IN LIQUIDS OR NEAR A FLAME, SOLDERING 
IRON, HAIR DRYER, OR OTHER HEAT SOURCE. LIQUIDS AND EXCESSIVE FEAT MAY DAMAGE TFE 
RUSTIC COMPONENTS AND DELICATE SENSORS. NEVER SPRAY ANY CHEMICAL INTENDED TO 
COOL OBJECTS ON THE SENSOR CARDS, REMOTE LINK, OR CONSOLE. SUCH CFEMICALS MAY 
DAMAGE AND DISCOLOR PLASTIC. 


5. GOING Further 


YOU can modify the circuit to switch the led off \aayen temperature rises. Push 
THE Power switch off and switch the connections to Pins 2 and 5 of the 272 oP 
AMP. Push the Power switch on And adjust r? until the led just glows. 
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BUILD A THMPt^RATURH CQNTROLLt^D BUZZt^R 

BUILC K THERMOSTAT-STYlE CIRCUIT THAT STOPS THE CONSOLE BU22ER '.VHEN THE 
THSRVISTOR TEMPERATURE EXCEEDS A PRESET VALUE. COMPARE THE CIRCUIT DIAGRAM BELOW 
WITH THE one on PAGE 75. BOTH USE THE SAME INPUT COMPONENTS AnD CONNECTIONS. 

PARTS YOU WILL NEED 



B *7 S 

n n n n 


□ 2.72. 

R5-1K (B.RM-BLK-REDJ 


u u u u 

L 2- 3 H 


11 


Cil-POWER FET 


CtRCUlT DIAGRAM 




1. BUILD THE CiRCUiT 


1. □ Push Power anD Display switches oFF. 

□ insert thermistor card in sEnsor 

SOCKET. 

5. □ Insert r?z \c across slot cPin i at js) 

7. c Insert qi at ai (sj, Bi (D) And ci cgj. 

E. □ Insert R5 across cy and jy. 

k. C connect Ml TO ground CWHT). 

?. □ connect JIO TO +W CWHT). 

8. □ connect B5 to +9V C\AWTJ. 


2. TEST THE CIRCUIT 


□ connect spring 1 TO L" (RED). 

10. □ connect spring 2 TO Mi (RED). 

11. □ connect spring 10 TO LI (RED). 

12. □ connect spring 11 TO CBLUJ. 

13. □ connect spring 13 TO GROUND 
(RED). 

li. □ CONNECT SPRING li TO Ki (BLU). 

IS. □ CONNECT SPRING 15 TO (BLU). 
Ik. □ CONNECT SPRING Z1 TO AS (RED). 

17. □ CONNECT SPRINGS 2 AND 22 (WHT). 


CORRECT ANY WIRING ERRORS. ADJUST lOK CONSOLE POT R1 TO ITS MlD-POlNT. PUSH THE 
POW'ER SWITCH ON AnD ADJUST lOOK CONSOLE POT R2 UNTIL THE BUZZER SOUNDS. THE 


BUZZER STOPS sounding W'HEn THE THERMISTOR TEMPERATURE RISES. 


caution: DC NOT PLACE SEnSOR CARDS, REMOTE LINK, OR CONSOLE IN LlOUlDS OR NEAR A 
FLAME, soldering IRON, HAIR DRYER OR OTHER HEAT SOURCE. LIQUIDS AnD EXCESSIVE FEAT 
,VAV DAMAGE THE ELASTIC COMPONENTS AnD DELICATE SENSORS. nEvER SPRAY ANY CHEMICAL 
intended to cool OBJECTS ON THE SENSOR CARDS, REMOTE LINK OR CONSOLE. SUCH 
lHL.V.ICALS may .DAMAGL And discolor PLASTIC. 


5. GOING FURTHER 

YOU CAN REVERSE THE CIRCUIT OPERATION SO THE BUZZER SOUNDS MHEN THE TEMPERATURE 
RISES. AS WITH THE LED ON PAGE 75, JUST SWITCH THE CONNECTIONS TO PINS 2 AnD 3 CF 
THE 272 OP AMP. 
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BUILD A REMOTE TEMPERATURE TRANSMITTER 

YOU WILL BUILD A TRANSMITTER THAT SEnDS TLE TEMPERATURE OF Tf-E THERMISTOR 
SENSOR CARD BY FLASHING AN LED. THE MEMBER OF FLASHES IS PROPORTIONAL TO THE 
TEMPERATURE, AnD THEY ARE SLOW ENOUGH TO COUNT THEM. 


PARTS YOU WILL NEED 



B T S 


□ 5S5 
u u □ cr 

L ^ 


^[TJ 

Cl-iDD UF R1-2.2K (RED-RED-REDJ 1 RED LED 

R2-Y70 tVEL-VIO-BRNJ 


GRCUiT DIAGRAM 


1. BUILD THE CIRCUIT 



1. □ Push Power and display 

SWITCHES OFF. 

2. □ INSERT THERMISTOR CARD IN 

SENSOR SOCKET. 

5. □ INSERT 555 IC ACROSS SLOT 
(Pin 1 AT 05). 

Y. □ INSERT Cl ACROSS R2 C+) AND 
Q2 (-J. 

5. □ insert led across Pi (ANODE) 
and si (CATHODE). 

b. □ insert R1 across Rlfl and Slfl. 

?. n insert R 2 across Ps and Q9. 
a. n connect Q 3 to ground (wwtj. 

9. □ connect QIO TO +9V (RED). 

10. □ connect RY to S7 (WHT). 

11. □ connect TY to Q7 (WHT). 

12. □ connect spring 1 to +9V 

(\MHT). 

15. □ connect spring 2 TO R9 (RED). 


2. TEST THE CiRCUlT 


CHECK FOR WIRING ERRORS. PUSH THE POWER SWITCH ON. THE LED SLOWLY FLASHES. THE 
ACTUAL TEMPERATURE (FAHRENHEIT) IS ABOUT 2 TIMES THE NUMBER OF FLASHES IN fcO 
SECONDS. AN EXACT CALIBRATION CANNOT BE GIVEN BECAUSE OF SLIGHT VARIATIONS IN THE 
VALUES OF THE THERMISTOR AND Cl. CAUTION; DO NOT PLACE SENSOR CARDS, REMOTE LINK, 
OR CONSOLE IN LIQUIDS OR NEAR A FLAME, SOLDERING IRON, HAIR DRYER, OR OTHER HEA.T 
SOURCE. LIQUIDS AND EXCESSIVE FEAT MAY DAMAGE TFE PLASTIC COMPONENTS AND DELICATE 
SENSORS. NEVER SPRAY ANY CHEMICAl INTENDED TO COOt OBJl^CTS ON THE SENSOR CARDS, 
REMOTE LINK, OR CONSOLE. SUCH CHEMICALS MAY DAMAGE AND DISCOLOR PLASTIC. 


5. GOING FURTHER 

YOU CAN CALIBRATE THIS CIRCUIT WITH A THERMOMETER. PLACE THE THERMOMETER AnD THE 
THERMISTOR CARD IN A REFRIGERATOR. AFTER ABOUT 15 MINUTES, REMOVE TIE TFERMOMETER 
AND NOTE ITS TEMPERATURE. INSERT THE TFERMISTOR CARD IN TIE CONSOLE AND COUNT THE 
FUSFES FOR fcO SECONDS. REPEAT TFESE STEPS, PLACING THE THERMISTOR CARD AnD 
THERMOMETER IN AN AIR CONDITIONED ROOM AnD IN A SHADY SPOT OUTDOORS. GRA^ YOUR 
DATA, WITH THE X AXIS ON THE BOTTOM FOR TEMPERATURE AnD THE Y AXIS ON THE LEFT 
FOR number of flashes. CONNECT THE POINTS. USE YOUR GRAPH TO MEASURE THE 
THERMISTOR TEMPERATURE BY COUNTING THE FLASHES FOR 1 MINUTE. AT NIGHT YOU CAN 
SEE THE flashing LED FROM A CONSIDERABLE DISTANCE. 
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BUILD A TEMPERATURE-CONTROLLEO CHIRP GENERATOR 


THE COiSlSCLE BU22ER DCES ITS JOB BY GETTING YCUR ATTENTION. SOFTEN ITS IMPACT BY 
BUILCING THIS CIRCUIT THAT IWSlCATES TEWPERATCRE WITH A SERIES OF CHIRPS. 


PARTS YOU WILL NEED 




:. □ Push power and display switches off. 
2. □ insert thermistor card in sensor 

SCCRET. 

s. □ insert you ic ic across slot 

(PIN 1 AT H5J. 

Y. □ insert Q1 AT Al tS), El (X» AND Cl CGJ. 

5. □ INSERT Cl ACROSS lil t+j AND ll (->. 

b. □ insert C2 ACROSS K2 (4-J AND C2 H. 

7. □ CONNECT N1 TO GROUND CMHTJ. 

£. □ CONNECT HIO TO CWHT,'. 

9. □ CONNECT B5 TO (WflHTJ. 

10. □ connect hy to IY C\MHTJ. 


11. □ connect J5 to L5 (\AMTJ. 

12. U connect LY to my (\M4T). 

15. □ CONNECT NY TO N7 CWHT). 
lY. □ CONNECT IlO TO JIO CWHT). 

15. □ CONNECT JS TO MS CWHT). 

K.. □ CONNECT MIO TO NIO CWHT). 

17. □ CONNECT SPRING 1 TO Ll CRED). 

16. □ connect spring 2 TO H3 CRED). 

19. □ connect spring 1Y to ground CRED). 

20. □ connect spring 15 TO C5 CBLUJ. 

21 . n connect spring R 1 to as CRED). 

22. □ connect spring 22 TO GROUND CBLU). 


2. TEST THE CIRCUIT 


checr for errors. Push the Pow'Er switch on, and the buzzer emits brief Pulses of 
sound, adjust 100^ console Potentiometer ri to Provide the best sounding chirps, a 
change in temperature wll change the chirp rate. 

caution: do not Place sensor cards, remote link, or console in liquids or near a 

FLAME, soldering IRON, HAIR DRYER, OR OTHER SOURCE OF HEAT, i I QUIDS AnD EXCESSIVE 
HEAT MAY DA, WAGE T^-e PLASTIC COMPONENTS AnD THE DELICATE SENSORS. NEVER SPRAY ON 
THE sensor cards, REMOTE LINK OR CONSOLE ANY CHEMICAL INTENDED TO COOL OBJECTS. 
SUCH CHE, V, '.CALS MAY DA,V,AGE AND DISCOLOR PLASTIC. 


5. GOING FURTHER 

SEE PAGE 7? FOR TIPS ABOUT CAL'.BRATING THIS CRCUIT. 
7fl 













BUILD ^ TEMPERATURE-CONTROLLED BARGRAPH READOUT 

THE BARGRAPH READOUT CAN BE USED TO MAKE AN ELECTRONIC THERMOMETER THAT 
RESEMBLES A CONVENTIONAL LIQUID-RLLED THERMOMETER TUBE. YOU WILL BUILD A CIRCUIT 
THAT USES THE BARGRAPH READOUT IN THIS MANNER. 


PARTS YOU WILL NEED 



B T tj S 
n n n n 

□ ^ 72 . 

h_ru u u 

1 2- 3 H 


RZ, R5-1K CBRN-BLK-RED) 


GRCUiT DIAGRAM 


+ <?V +9V 



1. BUILD THE CIRCUIT 

1. □ Push Power and display switches off. ?. □ connect jid to cwhtj. 

2. □ insert thermistor card in sensor socket. 8. □ connect spring 1 TO +w (WHT). 

3. n insert 272 1C ACROSS SLOT tPlN 1 AT J5J. 9. □ CONNECT SPRING Z TO L9 (REDj. 

Y. r insert R2 ACROSS K2 AnD GROUND. 10. □ CONNECT SPRING 11 TO L3 CBLUJ. 

5. C insert R5 across J1 AnD K1. U. □ CONNECT SPRING 12 TO GROUND 

b. □ connect Ml TO ground (WHTJ. (REDJ. 

12. □ CONNECT SPRING 19 TO J2 CREDj. 

2. TEST THE CIRCUIT 

CHECK YOUR WIRING FOR ERRORS. PUSH THE POWER SWITCH ON AND DISPLAY MODE SWITCH TO 
DOT. ADJUST lOK CONSOLE POT UNTIL A READOUT LED BETWEEN Z AND 9 GLOWS. THE LED 
DOT RISES WHEN THE THERMISTOR IS WARMED AND FALLS WHEN COOLED. THE RESPONSE TIME 
IS SLOWER FOR LIGHT SENSOR CIRCUITS THAT USE THE READOUT. YOU CAN SWITCH THE 
DISPLAY MODE SWITCH TO BARGRAlTl, LIKE A THERMOMETER. SWITCH THE DISPLAY MODE OFF 

when the circuit is not in use. caution: do not place sensor cards, remote link, or 
console in liquids OR near a flame, soldering iron, hair dryer or OTHER FEAT SOURCE. 
LIQUIDS and excessive FEAT MAY DAMAGE TfE PUSTIC COMPONENTS AnD THE DELICATE 
sensors, never spray any chemical intended to COOL OBJECTS ON THE SENSOR CARDS, 
REMOTE LINK OR CONSOLE. SUCH CHEMICALS MAY DAMAGE AND DISCOLOR PLASTIC. 

5. GOING FURTHER 

SPRING 29 IS internally CONNECTED TO READOUT LED 10, MEANING YOU CAN TRIGGER AN 
external circuit MWEn the temperature reaches 10. INSERT THE GREEN LED ACROSS 4-9V 
CANODEJ and Afc (CATHODEJ. CONNECT SPRING 29 TO AlO tBLUJ. Tf€ GREEN LED GLOWS WFEN 
READOUT LED 10 GLOWS. 
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BUILD A LIGHT-ACTIVATED BU22ER 


LlGHT-ACTlVATEi BUZZERS HAVE ^'lA^V USES. YOU WILL USE THE PHOTORESISTOR SEKSOR CARS 
AkS A 272 OPERATIOiYAL AMPLIFIER CCKiYECTES AS A COMPARATOR TO MARE A SIMPLE LIGHT- 
ACTIYATES BUZZER. 


PARTS YOU WILL NEED 



1. BUILD THE CiRCUT 

1. □ Push the po'.v'Er AisiD sisplay switches off. 

2. □ insert PHOTORESISTOR CARD IN SENSOR 
SCCRET. 

5. □ INSERT 272 1C ACROSS SLOT (PIN 1 AT J5J. 

Y. □ INSERT Ql AT Cl (G). B1 (Dj AND A1 (S). 

S. U insert R1 ACROSS SPRING 1 AND +YV. 
b. □ insert R5 ACROSS CY AND JY. 

7. □ CONNECT Ml TO GROUND C\MYTJ. 

£. □ CONNECT JIO TO i-W C\MHTJ. 

9. □ connect B5 to +-W (WYTJ. 


10. □ connect 

11. □ connect 
(REDJ. 

12. □ connect 

(BLU). 

13. L connect 

lY. □ CONNECT 
(BLUJ. 

15. □ CONNECT 

ifc. □ connect 

(BiU;. 


SPRING 1 TO K1 (REDJ. 
SPRING 2 TO GROUND 

SPRING It TO -9V 

SPRING 17 TO Ll (BLUJ. 

SPRING la TO GROUND 

SPRING 21 TO A5 (REDJ. 
SPRING 22 TO GROUND 


2. TEST the circuit 


CHEC< YOUR WIRING FOR ERRORS. BE SURE THAT POWER FET Q1 IS INSTALLED CORRECTLY 
WITH rrs front SIDE FACING THE RIGHT SIDE OF THE CONSOLE. ALLOW LIGHT TO STRKE 
THE PHOTORESISTOR SENSOR CARD. PUSH THE POW'ER SW'ITCH ON, THEN ADIUST LV CONSOLE 

Potentiometer r? until the buzzer sounds, shade the photoresistcr card, and the 

BUZZER SWITCHES OFF. IF THE BUZZER CONTNUES TO SOUND WHEN THE PHOTORESISTOR IS 

SHADED, ADJlUST R? OR T^-E 1 IGHT I EVTl UNTIL THE CIRCUIT W'ORRS PROPERLY. 


3. GOING FURTHER 


YOU CAN EASILY CHANGE THIS CIRCUIT TO A DAR< ACTIVATED BuZZER. FIRST, PUSH THE 

Power switch Orr, then sw^itch the connections For ri and the Photoresistcr. 

REPEAT THE ADJjLSTMEnT PRGCEDjTE ABOVE TO CAUSE THE Bl IZZER TO SOUND WHEN THE 

Photoresistcr is shaded. 
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BUILD A LIGHT OR DARK ACTIVATED TONE 

YOU WILL BUILD A CIRCUIT THAT EMITS A TONE WHEN STRUCK BY LIGHT. 

PARTS YOU WILL NEED 


I 



n n n n i 




□ Z 72 . 

' u u u u 



IH 13 Uil 10 9 9 
n n n n n n n 


MOU 


L 2- 3 H 


u u u u u u u 

1 2. 5 3 ^ 7 


Rl-lOK (BRN-BLKhDRGJ 



Cl-nO.l UF (iOD 


HRCUiT DIAGRAM 


+ 9V ■^‘RV 


+ 9V 


+ 



2. □ INSERT PHOTORCSISTOR CARD IN SENSOR 
SOCKET. 

5. □ INSERT 272 ',C ACROSS SLOT (P',N 1 AT E5). 
Y. □ INSERT YOU 1C ACROSS SLOT (PlN 1 AT N5). 
5. □ INSERT R1 ACROSS FY AnD E7. 
l-.. □ INSERT a ACROSS OI-Yil. 

?. □ connect hi to ground tREDj. 

8. □ connect ElO TO ^■9V (WMTJ. 

9. □ connect ty to ground (.MHTJ. 

10. □ connect N9 to +W CRED). 

11. □ connect EY to NY (WHTJ. 

IZ. □ connect P5 to R5 tWHTJ. 

15. □ CONNECT R2 TO S2 (WHTJ. 
lY. □ CONNECT 010 TO PlO (WHTJ. 


It. n connect 

17. □ connect 

18. □ connect 

19. □ connect 

20. □ connect 

21. □ connect 

22. □ connect 

25. □ connect 
2Y. □ connect 
(BLUJ. 

25. □ connect 
2fc. □ connect 
2?. □ connect 
28. □ connect 
(BLiJJ. 


SIO TO TIO (WHTJ. 

T9 TO ground (WHTJ. 
SPRING 1 TO Fl (RED). 
SPRING 2 TO GROUND (BLUJ. 
SPRING 10 TO 02 (REDj. 
SPRING 11 TO ?Z (REDj. 
SPRING It TO 4-9V (BLUJ. 
SPRING 17 TO G1 (BLUJ. 
SPRING IS TO GROUND 

SPRINGS 25 and 2t (REDJ. 
SPRINGS 2Y and 25 (UMTJ. 
SPRING 2? TO QY (RED). 
SPRING 28 TO GROUND 


2. TEST THE CIRCUIT 


CHECK FOR ERRORS. PUSH THE POWER SWITCH ON. SHADE THE PHOTORESISTOR WITH YOUR 
HAND. ROTATE THE IM CONSOLE POT (R2J UNTIL THE BU22ER IS OFF. MOVE YOUR HAND, AND 
THE BU22ER SOUNDS. ADJUST THE lOK CONSOLE POT (R3J TO CHANGE THE FREQUENCY OF 
THE tone. 
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&U1LD A LIGHT-INCREASES-FREQUENCY AUDIO OSCILLATOR 

AS YOU KNOW BY KOW, THE E55 TIMER ZC PROVIDEO W,1TH YOUR ELECTRONIC SENSORS LAB 
IS lOEAL FOR MAKING MANY AFFERENT KINOS OF TO^E GE^ERATORS. YOU WILL CONNECT 
THE PHOTORESISTOR SENSOR CARD TO THE 555 TO MAKE A LIGHT-SENSITIVE OSCILLATOR. 


PARTS YOU WILL NEED 


a T fc s 
n n n n 

□ 555 

u u u u 

t i 'i *< 


HRCUIT DiAGRAM 



Rl-lOK tBRN-BLKHDRGJ 
R2-150 tBRN-GRN-BRN) 


C 1-0. 01 UF C103J 


1. BUILD THE GRCUiT 



1. □ Push Power and display 

SWITCHES OFF. 

2. □ INSERT 555 IC ACROSS SLOT 
CPlK 1 AT QS;. 

3. □ INSERT R1 ACROSS RIO AnD 
SIC. 

Y. □ INSERT R2 ACROSS G<? AnD+9V. 
5. n INSERT Cl ACROSS Q1 AnD R1. 
b. □ CONNECT Q3 and GROUND 
(WHT). 

7. □ connect QIO TO +9\/ (RED). 

8. □ connect rh and S? (\AHTJ. 

<?. □ connect th and Q? (MHTJ. 

10. □ CONNECT SPRING 1 TO 4-W 

(WHTJ. 


11. □ CONNECT SPRING 2 TO R? 

(RED). 

12. □ CONNECT SPRING 23 TO GIO 

(RED). 

13. □ CONNECT SPRING 2Y TO SY 

(RED). 


2. TEST THE CIRCUIT 


CHECK YOUR WIRING FOR POSSIBLE ERRORS. PUSH THE POW'ER SWITCH ON. YOU SHOULD HEAR 
A TONE FROM THE SPEAKER. IF NOT, SHADE THE PHOTORESISTOR CARD V/ITH YOUR HAND tq 
INCREASE ITS RESISTANCE. WHEN YOU HEAR A TONE, SHADE THE PHOTORESISTOR WITH YOUR 
HAND OR DIV, THE ROOM LIGHTS TO OBSERLt HOW' THE .HREOUENCY OF the TONE CHANGES 
WITH THE LIGHT lEvEl . 


5. GOING Further 

You CAN EASILY ALTER THE BASIC TONE FREQUENCY BY CHANGING Cl. USE A HIGHER VALUE 
FOR A LOWER FREQUENCY TONE. THE - LEAD OF ELECTROLYTIC CAPACITORS MUST GO TO PIN 
2 OF THE 555. IF THE SPEAKER VOLUME IS tqo HIGH, INCREASE R2 TO 270 (RED-V10-ERNJ OR 
Y70 OHMS (YEL-VIO-BRN). 

here's an interesting experiment to TRY. CHANGE Cl TO A LARGER VALUE SO THAT the 
SPEAKER CLICKS OR BUZZES W'HEn THE PhOTCRESISTCR IS DARK. PUCE THE CONSOLE IN A 
URGE DARKENED ROOM OR OLTDOORS. NOW' STAND SOME DISTANCE AW'AY AnD POINT A 
FLASHLIGHT TOWARD, BUT NOT AT, THE PHOTORESISTOR. CHANGES IN THE CLICK RATE OR 

BUZZ frequency provide a ’.-try sensitive indication of the presence of light. 
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BUILD ^ LIGHT-REDUCES-FREQUENCY AUD'O OSCILLATOR 

THE BASIC 555 AuDiO OSCILLATOR DESCRIBED ON PAGE flZ CAN BE MODIFIED TO PROWDE AN 
OSCILLATOR IN WHICH THE TONE FREQUENCY DECREASES WHEN THE PHOTO RESISTOR IS 
ILLUMINATED. YOU WILL BUILD THIS CIRCUIT NE>CT. 


PARTS YOU WILL NEED 


o| 




6 T t S 
n n n n 




□ 5SS 




c:? 

u u u u 

a. 2- 3 -4 


R5-I0K (BRN-BLK-ORGJ Cl-O.l UF (lOY) 
RY-150 (BRN-GRN-BRNJ 


DRCUiT DIAGRAM 

+ qv +RV +9^/ +9V 



1. BUILD THE CIRCUIT 


1 . □ Push Power And display switches off. 

2 . □ INSERT 555 IC ACROSS SLOT (PlN 1 AT Q5J. 
5. □ INSERT R5 ACROSS RIO AnD SIO. 

% C INSERT RY ACROSS AnD 
5. C INSERT Cl ACROSS Q1 AnD R1. 

L. □ connect q5 and ground (.WHTJ. 

?. □ connect QIO TO <,REDj. 

8. □ connect RY and S? (.WHTJ. 

9. □ connect TY and Q? {.WHTJ. 


10. □ CONNECT SPRING 1 TO 4-9V CWHTJ. 

11. □ CONNECT SPRING Z TO TIO (RED). 

12. □ connect spring 10 TO GROUND 
CREDJ. 

15 . n connect spring ll to T? (RED). 

lY. n connect spring 13 to R8 CREDJ. 

1 !.. n CONNFI'.T SPRING lY TO ^9V CBlJlJ, 

lb. □ connect spring 23 TO GIO (REDj. 

17. □ CONNECT SPRING 2Y TO SY (REDj. 


2. TEST THE CIRCUIT 

REVIEW THE CIRCUIT FOR POSSIBLE ERRORS. BE SURE THAT EXPOSED COMPONENT LEADS DO 
NOT TOUCH one ANOTHER. ADJUST lOK CONSOLE POTENTIOMETER R1 TO ITS MlD-POlNT. PUSH 
THE POWER SWITCH ON. YOU SHOULD HEAR A TONE FROM THE SPEAKER. IF NOT, SHADE THE 
PHOTORESISTOR CARD WITH YOUR HAND WHILE ADJUSTING CONSOLE POTENTIOMETERS R1 UOKJ OR 
R2 CIOOKJ . adjusting BOTH POTENTIO MEIERS MAY BE NECESSARY. WHEN THE CIRCUIT IS 
OSCILLATING, SHADE THE PHOTORESISTOR TO OBSERVE HOW TEE FREGUENCV OF TEE TONE 
FALLS WEEN LIGHT STOKES THE PHOTORESISTOR. 


5. GOING Further 

YOU CAN CONTROL THIS CIRCUIT BY ADJUSTING I l-L lOK CONSOLE POTENTIOMETER Rl. THIS 

Pot and the photoresistor form a voltage divider that delivers a VOLTAGE TO THE 

555 CONTROL INPUT (PlN 5J. LIGHT CHANGES AND THE SETTING OF Rl CHANGE THIS VOLTAGE. 
TRY DISCONNECTING THE WIRE AT PlN 5 TO SEE WHAT HAPPENS. 
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BUILD AN OBJECT DETECTOR 

MANY DIFFERENT SENSOR CIRCUITS CAN 6E USED TO DETECT NEARBY OBITCTS. YOU WILL USE 
THE PHOTORESISTOR SENSOR CARD TO BUILD AN OBJTCT DETECTOR, k GREEN LEC GLO'.VS 

wmEiy An object is Placed before the photoresistcr. the red led glovas when the 

OBJECT IS AVOV'ED. 


PARTS You WILL NEED 



s T s 
n n n o. 

□ 

U U □'Q 
1 . 2. 3 M 


Rl-lOK tBRN-BLK-ORGJ 
R3, R*1-1K tBRN-BLK-RED) 



1 RED LED 
1 GREEN LED 


ClRCUiT DIAGRAM 



1. BUILD THE CiRCUiT 


1. □ Push Power and display switches oft. 

2. □ insert mOTORESlSTOR CARD IN SENSOR 

SOCKET. 

5. □ INSERT 2?2 1C ACROSS SLOT (PlN 1 AT J5>. 
% □ insert R1 ACROSS R1 AnD GROUND. 

L. n Insert rs across ti and (-w. 
b. C insert RH across J5 and T5. 

7. □ insert red led across 12 (ANODE) AnD J2 
(CATHODE). 


8. □ INSERT GREEN LED ACROSS T2 

(ANODE) AND GROUND (CATHODE). 

9. □ CONNECT Mi TO GROUND (\MHT). 

10. r CONNECT JIO TO +^9V' (WHT). 

11. □ CONNECT SPRING 1 TO -»-9V (WHT). 

12. □ connect spring 2 TO Ki (RED). 

13. n connect spring 13 to J9 (BLU). 

li. c connect spring li to lh (bLU). 

15. □ connect spring 15 TO GROUND 

(RED). 


2. TEST THE CIRCUIT 


INSPECT YOUR '.V',R',KG FOR ERRORS. PUSH THE PCWER S'.V'.TCH TO ON. PLACE A FINGER OVER 
THE LIGHT SENSITIVE PART OF THE PHOTORESISTOR CARD. ROTATE THE lOCK CONSOLE POT 
(R2) UNTIL THE GREEN LED GLOW'S. MOVE YOUR FINGER, AND THE RED LED GLOWS. 

I'.X iV.IfK I VM I H I Hi". ATLIlI'gjT M'l'.u-IT OH- AKlj TjAr. AWOUXT OF I. I'oHT AT THl: CCK'^Oi r. . 


5. GOING FURTHER 

TRY THIS CIRCUIT WITH THE EXTENSION CABLE. PUSH THE POWER SWITCH OFF AnD INSERT 
THE PHOTORESISTCR CARD IN THE CABLE SOCKET. INSERT THE CABLE PLUG IN THE CONSOLE 
sensor SOCKET. ARRANGE THE POSITION OF THE PHOTORESISTCR CARD FOR EXPERIMENTS. FOR 

EXAMPLE, Place the card flat on a table with THE light-sensitive side up, A.ND 

ADJUST R2 TO trigger THE RED LED WHEN AM OBJECT IS REMOVED FROM THE CARD. 












BUILD A BASIC PHOTQRESISTOR UGHT METER 

YOU CAN BUILD A SIMPLE BUT USEFUL LIGHT METER USING ONLY THE PHOTORESISTOR CARD, 

A single potentiometer, and the led readout, you will learn how to adjust the 
sensitivity of the light meter. 



IF THE LEO readout DOES NOT SEEM TO 
RESPOND TO THIS AND OTFER LIGHT 
SENSITIVE CIRCUITS, TOO MUCH UGHT MAY 
BE STRIKING TFE UGHT SENSOR. COVER 
THE SENSOR OR PUCE Tt-E CONSOLE IN A 
DARKENED AREA. 


CIRflLlTT DIAGRAM 


+ 9 V 



1. BUILD THE CIRCUIT 

5. □ connect springs lY AnD 1‘J 
(RED). 

fc. □ connect spring 15 TO GROUND 
(RED). 


2. TEST THE CIRCUIT 


1. □ Push Power and display switches off. 

2. □ insert Photoresistor card in sensor 
socket. 

5. I I connect SPRINC^ 1 TO +-TV CMAHTJ. 

Y. C connect SPRINGS 2 AnD IT (BLU). 


BE SURE YOUR WIRING IS CORRECT. ROTATE THE lOOK CONSOLE POTENTIOMETER CRD ALL THE 
WAY TO THE LEFT. PLACE YOUR HAND OVER THE PHOTORESISTOR CARD TO SHADE IT FROM 
ROOM LIGHT. NOW PUSH THE POWER SWITCH TO ON AnD THE DISPLAY SWITCH TO DOT MODE. 
THE LED READOUT SHOULD BE DARK OR THE NUMBER 1 LED MAY GLOW. VERY SLOWLY ExPOSE 
THE PHOTORESISTOR TO LIGHT WHILE ROTATING R1 TO THE RIGHT. HIGHER VALUE LEDS NOW 
GLOW, darken the PHOTORESISTOR TO RETURN THE BARGRAFH TO A LOWER POSITION. THE 
LIGHT METER IS MOST SENSITIVE VWHEn R1 IS ROTATED ALL THE WAY TO THE RIGHT. 


5. GOING FURTHER 

THE extension CABLE CONVERTS THE tYYOTORESlSTOR CARD INTO A MOVABLE LIGHT PROBE. 

Push the Power switch to off. insert the Hyotoresistor card into the cable 
SOCKET. Plug the cable into the console sensor socket. Push the Power switch to 

ON. point the PHOTORESISTOR IN VARIOUS DIRECTIONS AnD TOWARD DIFFERENT LIGHT 
SOURCES WHILE WATCHING THE READOUT BOUNCE UP AnD DOWN. FOR A REALLY NEAT 
EXPERIMENT, DIM THE ROOM LIGHTS AND ADJUST R1 UNTIL LED 1 GLOWS. IT MAY BE 
NECESSARY TO PRIME THE CIRCUIT BY ALLOWING SOME ROOM LIGHT TO REACH THE 
PHOTORESISTOR. POINT THE PHOTORESISTOR CARD AT LED 1. IF YOU MOVE THE SENSOR CARD 
TOWARD LED 10, A GLOWING LED WILL FOLLOW THE CARD. MOVE THE SENSOR CARD BACK TO 
LED 1, AND A GLOWING LED FOLLOWS. 


INVEHUON BOX 


WHAT USES CAN YOU THINK OF FOR A ROW OF LEDS THAT TRACKS THE POSITION OF A 
LIGHT sensor? can THIS METHOD BE USED TO MOVE A SPOT OF LIGHT ON A COMPUTER 
screen? CYES.J 


as 



BUILD AN ULTRA-SENSITIVE LIGHT MHTHR 

THE SLlPPLIEt PHCTCRESISTOR SEiMSCR CARC CAK BE MADE MUCH MORE SENSITIVE BY ADDING 
AN AMPLIFIER. CONNECT THE PHCTCRESISTOR TO ONE CF THE AMPLIFIERS IN TmE 272 

operational amplifier to increase its sensitivity. 



1 3 H 



I. BUILD THE CiRCUT 

1. □ Push Power and display switches off. 

2. □ insert t^OTORESlSTOR CARD IN SENSOR 
SOCKET. 

5. □ Insert z7z ic across slot (Pin i at J5j. 
Y. □ insert R1 across L3 AnD M3. 

5. □ insert R2 across K1 AnD M2. 


t. □ connect 
7. □ connect 
a. □ connect 

9. □ connect 

10. □ connect 

11. □ connect 

12. □ connect 


Ml TO ground (WHT). 
JIO to 4-9V CWHTJ. 
SPRING 1 TO 4-9V C\AWTJ. 
SPRING 2 TO L^^ (RED). 
SPRING 1? TO KY CBLUJ. 
SPRING la TO JY (BLU). 
SPRING 1? TO J1 (RED). 


2. TEST THE ORCUIT 

CHECK YOUR WIRING FOR POSSIBLE ERRORS. THEN DIM THE ROOM LIGHTS OR PLACE THE 


console In a shaded area, rotate the m console potentiometer (R5) all the way 

TO THE LEFT. PUSH THE POWER SWITCH TO ON AnD PUSH THE DISPLAY SWITCH TO DOT 
MODE. IF THE PHOTORESISTOR IS DARK, NONE OR ONE OF THE LOWEST LEDS GL0V\S. SLOW'LY 
EXPOSE THE PHOTORESISTOR TO LIGHT. HIGHER vALuE LEDS NOW GLOW. DARKEN THE 
Photo RE SIS TOR to return THI: BARGRAPH to a lOWER POSITION. FOR MAXIMUM SENSITIVITY, 
ROTATE R3 ALL THE WAY TO THE RIGHT. 


5. GOiNG FURTHER 

IT MAY BE EASIER TO DARKEN THE PHOTORESISTOR USING THE EXTENSION CABLE TO 
connect the sensor card TO THE CONSOLE SOCKET. YOU CAN THEN PLACE THE 
PHOTORESISTOR SENSOR CARD FACE DOWN ON A FLAT SURFACE AND COVER IT WITH DARK 
CLOTH OR PAPER. THIS ALLO^KS YOU TO TEST THE CIRCUIT WITH THE ROOM LIGHTS ON. 


at 









BUILD AN OPTICAL FEEDBACK CIRCUIT 


YOU WILL BUILD AN OPTICAL FEEDBACK CIRCUIT THAT SENSES THE PRESENCE OF AN OBJECT. 


PARTS YOU WILL NEED 



s B 

n n n n 

□ ^’ 72 . 

' u u u u 

L t 3 H 


R2-10K (BRN-BLK-ORG) LED 1-<^REEN LED 
R5-1K (&RN-BLK-RED) 


CIRCUT DIAGRAM 




1. BUILD THE CIRCUIT 


1. □ Push Power and display switches off. 

2. □ insert photoresistor card in sensor 

SOCKET. 

5. U insert 272 1C ACROSS SLOT (PIN 1 AT JIJ. 

Y. □ INSERT R2 ACROSS LZ AND GROUND. 

5. □ INSERT R3 ACROSS I5 AND -YVC 

fc. □ INSERT GREEN LED ACROSS II (ANODEJ AND 

JY (CATHODE). 


7. □ BEnD led TO FHOTORESISTOR CARD. 
8- □ connect my to ground (WHT). 

Y. □ connect Jlfl TO +9V t\MYTJ. 

10. n connect spring i to (whtj. 

11. □ connect spring 2 TO LY (RED). 

12. □ connect spring 13 TO (BLUJ. 
15. n connect spring 1Y to K2 cbluj. 
lY. □ connect spring 15 TO GROUND 

(RED). 


2. TEST THE CIRCUIT 


BE SURE YOUR WIRING IS CORRECT AND THAT THE LED POINTS TO THE PHOTORESISTOR CARD. 
DIM THE LIGHTS AND ROTATE THE lOOK CONSOLE POT (Rl) ALL THE WAY TO THE LEFT. PUSH 

THE Power switch to on and rotate ri to the right until the led just glows. 
PLACE A pencil or RnGER BETWEEN THE LED AnD THE PHOTORESISTOR. THE LED 
brightens, remove the object and the led DIMS AGAIN. FOR MORE DRAMATIC RESULTS, 
ADJUST Rl UNTIL THE LED IS FAIRLY BRIGHT AND REPEAT THE EXPERIMENT. 


5. GOING Further 


THIS CIRCUIT OSCILLATES, PRODUCING AROUND 120,000 PULSES PER SECOND. WHEN LIGHT 
STRIKES THE PHOTORESISTOR, THE AMPLIFIER SEnDS LESS CURRENT TO THE LED. THIS CAUSES 
THE AMPLIFIER TO SEnD MORE CURRENT TO THE LED. 


8? 



BUILD A LIGHT-ACTIVATED BUZZER 

BUILD ^ CIRCUIT THAT TRIGGERS THE BuZZER WHEN LIGHT STRIKES THE PHOTOTRANSISTOR. 


1 PARTS 

YOU WILL 

NEED 





i 

p- 

— 

2 

% ~t ^ S 
n n n n 









□ Z72. 

R1 lOK (BRIN BLK ORGJ 

r . 
A 




— 

— 


u u u u 

R5-1K (BRN-BLK-RED) 

'1 







1 I. 3 9 


ill 








Gil-POWER FET 



+ 9v 


+ 9 ^ 


’i-9v 



1. BUILD THE CIRCUIT 


1. □ Push Power and disPlav switches off. 

2. □ insert tWOTOTRANSlSTOR CARD IN SENSOR 

SOCKET. 

5 . □ Insert z?z ic across slot (Pin i at J5j. 

C INSERT Q1 AT Cl (GJ, Bl CD) AND Al (S). 

5. □ INSERT R1 ACROSS L3 AND GROUND. 
y. □ INSERT R5 ACROSS C5 AND J5. 

7. □ CONNECT Ml TO GROUND (WHT). 

S. □ connect JIO TO +^V C\MHT). 

9. C CONNECT B9 TO +9V CV^T). 


10. □ connect spring 1 TO 4-9V CWTJ. 

11. □ connect spring 2 TO L9 CRED). 

12. □ connect spring 21 TO AS CRED). 

15. □ connect spring 22 TO GROUND 

(Bl U). 

19. □ connect spring 13 TO GROUND 
(RED). 

15. □ connect spring 19 TO Kl (BLU). 

It. □ connect spring 15 TO +9V (BLU), 


2. TEST THE CIRCUIT 

check your WIRING FOR ERRORS. PUSH THE POWER SWITCH TO OK. SHIELD ThE 
FHOTCTRANSISTCR FROM DIRECT LIGHT. ROTATE THE lOOK CONSOLE POT (R2J UNTIL THE 
BUZZER lust BECOMES SILENT. REW.OVE YOUR HAND, AnD THE BuZZER SOUNDS. 


BUILD A DARK-ACTIVATED BUZZER 

YOU WILL CONV'ERT THE LIGHT-ACTIVATED BUZZER ABOV.'E TO A DARK-ACTIVATED BUZZER. 


\T 

BUILD 

THE CIRCUIT 


1. 

□ Push 

THE Power switch to off. 

3. □ MOVE THE RED WIRE AT L9 TO K9. 

2. 

□ MOVE 

THE BLU WIRE AT K1 TO LI. 

9. □ MOV-B R1 FROM L3 TO K3- 

rn 

TEST 

THE CIRCUIT 



Push the POW'ER switch to on. shield the i^ototransistor from, light and the 
BUZZER sounds, adjust THE lOOK CONSOLE POT (R2) TO ADJUST ThE SENSITIVITY. 


as 













BUILD A LIGHT-ACTIVATED TONE 

YOU WILL BUILD A CIRCUIT THAT EMITS A TONE WHEN STRUCK BY LIGHT. 


PARTS YOU WILL (^EED 


( o ; 


S T 5 

n n n n 


b Z72_ 


U U □ CJ 
1 2. 3 ^ 


n 11 10 't 0 
n n n n n n n 


P HOU 


u u u u u u u 

1 t 3 ^ Sr (c 7 


Rl-lOK (BRIN-BLK-ORGJ 


Cl-O.l UF (IfliJ 


CiRLUIT DIAGRAM 


+ 9i/ +9V 


+ 9v 


+ 9v 



2. □ INSERT Phototransistor card in sensor t. □ connect 
SOCKET. 17. □ connect 

□ INSERT 272 1C ACROSS SLOT (PIN 1 AT ES;. IS- □ CONNECT 

U INSLRl TTl 1C ACROSS SLOT (PIN 1 AT N5J. 17. □ CONNECT 

□ INSERT R1 ACROSS G3 AND H3. 2C. □ CONNECT 

□ INSERT Cl ACROSS Ol AND 01. 21. □ CONNECT 

7. □ CONNECT HI TO GROUND (RED). 2?. □ CONNECT 

a. □ CONNECT ElO TO ^‘iV (WHTJ. 27.. I I CONNECT 

7. □ CONNECT Ti TO GROUND (\MHTJ. 2^^. □ CONNECT 

ID. n connect N9 to (REDJ. 25. □ connect 

11. □ connect Ei TO N^ (WHTJ. 2t. □ CONNECT 

12. n connect P 5 to R5 (UHTJ. 27. □ CONNECT 

13 . □ connect R2 to S2 (\M^T). 23 . □ CONNECT 

li. □ connect Oil) TO PlO (WHT). 


SIO TO TIO (WHT). 

T<? TO ground CWHT). 

SPRING 1 TO C\W^TJ. 
SPRING 2 TO Gi (RED). 
SPRINGS 2i and 25 (UWTJ. 
SPRINGS 23 and 2fc (REDJ. 
SPRING 2? TO 019 (RED). 

28 TO (iROUND (REDj. 


SPRINC^ 

SPRING 

SPRING 

SPRING 

SPRING 

SPRING 


15 TO 09 (REDJ. 

19 TO P9 (BLUJ. 

It TO GROUND (BLUJ. 
1? TO Fl (BLUJ. 

13 TO 49V (BLUJ. 


2. TEST THE CIRCUIT 


CHECK FOR ERRORS. PUSH THE POWER SWITCH ON. SHADE THE SENSOR WITH VOUR HAND. 
ROTATE IM Pot (R2J UNTIL TONE IS JUST OFF. MOVE YOUR HAND. THE TONE SOUNDS. 

BUILD A DARK-ACTIVATLD TONt 


YOU WILL MODIFY THE CIRCUIT ABOVE TO EMIT A TONE WHEN DARK. 


1. BUILD THE CIRCUIT 

1 . □ Push the Power switch to off. 5 . □ move the red wire at G 9 to F 9. 

2. □ move the BLU wire at Fl TO Gl. □ MOVE R1 FROM G5 TO F5. 

2. TEST THE CIRCUIT 

Push the Power switch on. shield the Phototransistor and the tone sounds. 
ADJUST the 1M console POT (R2J TO INCREASE THE SENSITIVITY. 



C PHQTQTRANSiST' 


YOU VWLL EUILO a SIWPlE LIGHT WETER USIiYG THE PHOTOTRANSISTOR CARC, A SINGLE 

potentiometer, AnO led readout, you will learn to adjust the UGHT VETER 
sensitivity. 



1. BUILD THt CIRCUIT 


1. □ Push Power and display switches off. 

2. □ INSERT PHOTOTRANSISTOR CARD IN 

SENSOR SOCKET. 

5. □ CONNECT SPRING : TC i9V' (WHT). 


Y. □ connect springs 2 AnD (BLU). 
5. □ connect springs 1Y and 19 (RED), 
fc. □ connect spring 15 TO GROUND 
(RED). 


2. TEST THE gRCUlT 

CHECK YOUR WIRING FOR ERRORS. ROTATE THE lOOK CONSOLE POT (Rl) ALL THE WAY TO THE 
LEFT. SHADE THE PHOTOTRANSISTOR CARD TO BLOCK LIGHT. THEN PUSH THE POWER SWITCH 
ON and THE DISPLAY SWITCH TO DOT MODE. THE LED READOUT IS DARK. SLOWLY EXPOSE 
THE PHOTOTRANSISTOR TO LIGHT W'HILE ROTATING Rl TO THE RIGHT. HIGHER VALUE LEDS 
NOW GLOW, darken the PHOTOTRAnSISTCR to return the BARGRAPH TO A LOWER 

Position, rotate ri all the way to the right for the highest sensitivity. 


GOING FURTHE 


USE THE Extension cable to convert the Phototransistcr card into a movable 

LIGHT PROBE. PUSH THE POWER SWITCH OFF AND INSERT THE PHOTOTRANSISTCR CARD INTO 
THE CABLE SOCKET. PLUG THE CABLE INTO THE CONSOLE SENSCR SOCKET. NOW PUSH THE 

Power switch on, and point the Phototransistcr in different directions while 

WATCHING THE READOUT BOUNCE UP AnD DOWN. 


THE BASIC PHOTORESISTCR LICiHT METER PROJECT ON PACiE .65 DESCRIBES HOW TO MAKE THP 
LEDS IN THE READOUT FOLLOW THE POSITION OF THE PHOTORESISTOR. TRY THIS WITH THE 
PHOTOTRANSISTCR CARD. FIRST, DIM THE ROOM LIGHTS AND ADJUST Rl UNTIL LED 1 GLOWS. 

Point the phototransistcr card at led i. move the sensor card toward led lo, 

AND A glowing LED F0LL0V\6 THE CARD. MOVE THE SENSOR CARD BACK TO LED 1, AND A 
G L 0 W1 N G L D F 0 L L 0 WS . 


INVENTION BOX 


THIS CIRCUIT and THE CNE ON PAGE £5 ARE SIMILAR TO CIRCUITS THAT ALLOW A LIGHT 
pen to wove a dot on a COMPUTER SCREEN. WHICH SENSOR IS BEST FOR THIS APPLICATION, 
THE PHOTORESISTCR OR THE PHOTOTRANSISTCR? (THE PHOTOTRANSISTOR IS BEST BECAUSE 

IT responds faster.) 
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BUILD ^ SUPER-SEKSITIVE RADIOMETER 

THE SENSITIUTV OF THE PHOTOTRANSISTOR SENSOR CARD CAN BE GREATLY INCREASED 
WITH THE HELP OF AN AMPLIFIER. YOU WILL INCREASE THE SENSITIVITY OF THE 
PHOTOTRANSISTOR BY CONNECTING IT TO THE 27Z OPERATIONAL AMPLIFIER. 


PARTS YOU WILL NEED 


8 T fc S 


© 1 

■ 

— 


n n n n 




□ ^72. 



1 , 

u u u u 


L I- 3 M 


Rl-IDK (BRN-BLKhDRGJ 
R2-1K (BRN-BLK-REDJ 


gRCUlT 


+ ‘iv +<fi^ 



1. BUILD THE CIRCUIT 


1. □ Push Power anD Display switches 
OFF. 

2. □ INSERT fWOTOTRANSISTOR CARD IN SENSOR 
SOCKET. 

5. □ INSERT 2?2 1C ACROSS SLOT tPlN 1 AT J5). 
Y. C INSERT R1 ACROSS I 3 AnD M3- 
5. C INSERT R2 ACROSS K1 AnD M2. 


b. □ connect Ml TO ground t\MHTJ. 

7. □ connect JIO TO +W tWWTJ. 

8. □ connect spring 1 TO +W tWHTJ. 

<?. □ connect spring 2 TO LY CREDj. 

Ifl. □ connect spring 1? TO KY (.BLUJ. 

11. □ connect spring 18 TO JY tBLUJ. 

12. □ connect spring 19 TO J1 (.REDj. 


2. TEST THE CIRCUIT 

TO MAKE SURE THERE ARE NO ERRORS, PLACE THE CONSOLE IN A DARKENED OR SHADED 
AREA, next, rotate THE IM CONSOLE POTENTIOMETER (R5) ALL THE WAY TO THE LEFT. 

Push the Power switch on and Push the display switch to dot mode, wwen the 
FHOTOTRANSISTOR is dark, none or one of the lowest LEDs glows, as YOU VERY 
SLOWLY EXPOSE THE PHOTOTRANSISTOR TO LIGHT, HIGHER VALUE LEDS GLOW. DARKEN THE 
PHOTOTRANSISTOR TO RETURN THE BARGRAPH TO A LOWER POSITION. FOR HIGHEST 
sensitivity, ROTATE R5 ALL THE WAY TO THE RIGHT. TOO SENSITIVE? CHANGE R3 TO THE 
lOK POT. 


5. GOING FURTHER 

AS WITH THE FHOTORESISTOR VERSION OF THIS CIRCUIT ON PAGE 8b, IT MAY BE EASIER TO 
darken the BYOTOTRAnSISTOR if YOU connect the ftYOTOTRANSISTOR CARD TO THE 

console socket with the extension cable, place the ftYOTOTRANSISTOR SENSOR CARD 
FACE down on a flat SURFACE AnD COVER IT WITH DARK aOTH OR PAPER. YOU CAN NOW 
TEST THE CIRCUIT WITH THE ROOM LIGHTS ON. 
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BUILD A LIGHT-CONTROLLED OSCILLATOR 

yolj vwll build ak audio oscillator v\,mcse tone changes with light, brighter light 

VWLL EITHER DECREASE OR INCREASE THE TONE FREQUENCY. 



Rfc 270 (RLD VIO BRINJ 


aROJlT DIAGRAM 



1. BUILD THE CiRCUiT 


1. □ Push Power and display switches off. 

2. □ insert phototransistor card in sensor 

SOCKET. 

5. □ INSERT ??? 1C ACROSS St OT (PlN t AT Jb). 

Y. □ INSERT 555 1C ACROSS SLOT (PlN 1 AT Q5J. 

5. □ INSERT R1 ACROSS L3 AnD M3- 

b. □ INSERT R2 ACROSS ICl AnD M2. 

7. □ INSERT R3 ACROSS J2 AnD H2. 

£. n INSF.RT R5 ACROSS RIO AnD SIO. 

9. □ INSERT Rt. ACROSS Ci, AnD +9V. 

10. □ INSERT Cl ACROSS R1 AnD GROUND. 

11. □ connect Ml TO ground (WHTJ. 


12. □ connect JIO TO -9V (.WHTJ. 

15. □ connect 19 TO Q9 (W'HTJ. 
lY. □ CONNECT JY TO T7 (WHTJ. 

15. □ CONNECT Q? TO TY (WHTJ. 
lA. □ CONNECT R^^ TO 57 (VVHT). 

17. □ CONNECT Q1 TO GROUND CWHTJ. 

16. □ connect spring 1 TO +9V tVWTJ. 

19. □ connect spring 2 TO LY (REDj. 

20. □ connect spring 23 TO CIO (RED). 

21. □ connect spring 2^^ TO SY CREDj. 

22. □ connect spring 15 TO R9 (BLUJ. 

23. n CONNEttT SfYRING lY TO (-9V tBLilJ. 


2. TEST THE CIRCUIT 

CHECK FOR WIRING ERRORS. PUSH THE POWER SWITCH ON. ROTATE CONSOLE POTENTIOMETER 
RY TO THE RIGHT, AnD YOU HEAR A Bu22. SHIELD THE PHOTOTRAnSISTOR CARD FROM 
LIGHT. THE FREQUENCY OF THE Bu22 DECREASES. ROTATE RY TO THE RIGHT TO INCREASE 
THE tone frequency. 

5. GOING Further 

you can increase THE TONE FREQUENCY BY CHANGING Cl TO 0.01 UF (103). CONNECT THE 
PHOTOTRANSISTOR CARD TO THE REMOTE LINK AnD YOU CAN POINT THE PHOTOTRANSISTOR 
AT VARIOUS LIGHT SOURCES. 
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BUILD A PHOTQTRANSISTOR FEEDBACK ClRCOiT 


PAGE hi SHOWS HOW TO BUILD AN OPTICAL FEEDBACK CIRCUIT USING THE PHOTORESISTOR 
CARD and a green LED. HERE YOU WILL BUILD A SIMILAR CIRCUIT THAT USES THE 
PHOTOTRANSISTOR CARD AnD A RED LED. YOU WILL LEARN WHY THE PHOTO TRANSISTOR 
responds BETTER TO RED LIGHT THAN TO GREEN. 


PARTS YOU WILL NEED 



a T s 
n n n n 

□ 2 . 72 - 

u u u u 
L 2- 3 H 


Rl-IDK CBRN-BLK-ORG) 1 RED LED 

R3-1M (BRN-BLK-GRN) 

RY-Y 70 (VEL-VIO-BRNJ 


GRCUiT DIAGRAM 


1. BUILD THE CIRCUIT 



1. □ Push Power and Display 

switches off. 

2. □ Insert fhototransistor card 

IN sensor SOCKET. 

5. □ insert 272 1C ACROSS SLOT 
(PIN 1 AT 15). 

Y. □ insert R1 across K2 AnD M2. 

5. □ insert R5 across J5 AnD K3- 

b. □ insert ry across 11 and Jl. 

?. □ insert red led across is 

(ANODE) and Ib (CATHODE). 

a. □ BEND THE LED TOWARD THE 
PH0T0TRAN15T0R CARD. 

Y. □ CONNECT MY TO 17 (WHT). 

10. □ CONNECT Ml TO GROUND (WHT). 

11. □ CONNECT JIO TO -t-YV (WHT). 

12. □ CONNECT SPRING 1 TO hYW 

(WH T ) . 

15. n connect spring 2 to KY (RED). 
lY. □ connect spring id TO 

(BLU). 

l!i. n connect spring U to LI (RED), 
lb. □ connect spring 12 TO GROUND 
(RED). 


2. TEST THE CIRCUIT 


CHECK FOR ERRORS. MAKE SURE THE LED IS POINTING TO THE PHOTOTRANSISTOR CARD. DIM 
THE LIGHTS AnD PLACE THE CONSOLE MWERE THE PHOTOTRANSISTOR IS NEARLY DARK. RO 
TATE THE IDK CONSOLE POT (R2) TO THE LEFT. PUSH THE POWER SWITCH ON. ROTATE R2 
TOWARD THE RIGHT UNTIL THE LED GLOWS. PLACE A PENCIL OR FINGER TlP BETWEEN THE 
LED and PHOTOTRANSISTOR. THE LED BRIGHTENS. REM0(/E THE OBJECT AnD THE LED IS AS 
DIM AS BEFORE. AS WITH THE CIRCUIT ON PAGE 87, YOU CAN ADJUST THE CIRCUIT FOR MORE 
DRAMATIC RESULTS. ROTATE RZ UNTIL THE LED IS FAIRLY RIGHT. REPEAT THE EXPERIMENT. 


5. GOING FURTHER 

THE PHOTOTRANSISTOR RESPONDS TO BOTH RED AnD GREEn LIGHT, BUT IT RESPONDS TO RED 
BETTER THAN TO GREEN. TO PROVE THE FHOTOTRANSISTOR RESPONDS TO GREEN LIGHT, 
REPLACE THE RED LED WITH A GREEN LED. INSTALL THE GREEN LED IN THE SAME DIRECTION 

(Anode at is and cathode at iw. repeat the tests dope above. 
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BUILD A LIGHT BHAM AUDIO RHCBVER 

BUILC K SENS1TK€ light BEAW, RECEI^^R THAT CONVERTS INFRARED SIGNALS FROW A TV 
REMOTE CONTROL LNIT INTO SOUND. LEAVE THIS CKCLlIT IN PLACE TQ BUILO TNE CIRCUIT 
ON PAGE 95. 


PARTS YOU WILL NEED 


&7bS 




— 

n n n n 

n n n n 

©1 

E 




□ 

1 1 1 1 M 1 1 


P 58fa 

' i i 1 1 r 1 1 1 


12.3H ia.34 



Cl-D.l UF (10*1) 
C2-*f70 UF 


Rl-lflK (BRN-&LK-ORGJ 
R3-1M (B.RN-B.LK-GRN) 


GROJiT DIAGRAM 



I. BUILD THE GRCUiT 


1. □ Push Power And display switches off. 

2. □ INSERT phototransistor CARD IN 

sensor socket. 

5. □ INSERT 272 1C ACROSS SLOT (PlN 1 AT J5J. 

*1. □ INSERT sat 1C ACROSS SLOT (PIN 1 AT A5J. 

5. □ INSERT R1 ACROSS HY AnD MY. 

b. □ INSERT R5 ACROSS 13 AnD L3- 

7. □ INSERT Cl ACROSS HI AnD K1. 

£. I I INSERI C2 ACROSS D? (+J AnD F? (-). 

9. □ connect Ml TO ground (WHTJ. 

10. □ CONNECT JIO TO +9V (WHT). 

11. □ connect B2 to DZ (WHT). 

IZ. □ connect Dl TO ground (RED). 

13. □ CONNECT CIO TO ^<iV (WHT). 


lY. 

15. 

lA. 

17. 

IB. 

19. 

20 . 
21 . 

22 . 

23. 


□ connect 

□ connect 

□ connect 

□ connect 

□ connect 

(RED). 

□ connect 

□ connect 

□ connect 
(RED). 

□ connect 

□ connect 

(RED). 


SPRING 1 TO +9V (WHT). 
SPRING Z TO H5 (RED). 
SPRING 10 TO Cl (RED). 
SPRING 11 TO Cl (BLU). 
SPRING 12 TO ground 

SPRING 15 TO -9V (BLU). 
SPRING lY TO LI (BLU). 
SPRING 15 TO ground 

SPRING 23 TO FlO (RED). 
SPRING 2Y TO GROUND 


2. TEST THE GRCUIT 

THIS CIRCUIT IS VERY SENSITIVE. IF YOU HEAR A LGUD BUZZ, IT IS PROBABLY DETECTING 
THE ROOM LIGHTS, WHICH ARE MODULATED AT bO HERTZ BY THE POWER LIKE. STOP THE 
BUZZ BY POINTING THE PHCTCTRANSISTCR AWAY FROM THE LIGHT OR BY SWITCHING THE 
LIGHT OFF. IF Tl-E SPEAKER SQUEALS LOUDLY, ,V,OVt T(-e RED WIRE AWAY AT SPRING 2 FROM 
THE 5Sb AMPLIFIER. ADJUST lOK CONSOLE POT RY TO CONTROL THE VOLUME. ADJUST lOOK 

console Pot r2 for best sound. 







BUILD AN LED TRANSMITTER FOR THE LIGHT RECEIVER 

YOU WILL BUILD A SIMPLE LED TRANSMITTER THAT SEnDS A RAPID STREAM OF PULSES TO 
THE LIGHT RECEIVER ON PAGE 9Y. BE SURE TO LEAVE THE CIRCUIT ON PAGE 9Y IN PLACE. 

YOU WILL BUILD THIS CIRCUIT ON THE UNUSED SPACE AT THE BOTTOM OF THE BREADBOARD. 


PARTS YOU WILL NEED 


S T fe 5 

n n n n 


b 5S5 


u u □ cr 

t T. Z ‘i 


C5-1 UF 


Rfc-lflK (BRN-BLK-ORGJ 
R7-Y70 (YEL-VIO-BRN) 



1 RED LED 


CIRCUIT DIAGRAM 




LIfiHT PUi.S£S FROM Lfib. 




1. BUILD THE CIRCUIT 


1. □ Push Power and display switches off. 

2 . n INSERT 1 C ACROSS SLOT (PlN i AT QLJ. 
5. □ INSERT Rb ACROSS RIO AnD SIO. 

Y. C INSERT R? ACROSS PS AnD Q8. 

5. C INSERT C3 ACROSS S? AnD GROUND C~). 
b. □ INSERT LED ACROSS Pi tANODE) AnD SI 
(CATHODE). 


?. □ connect Q1 to ground (\MHT). 
8. □ connect QIO TO J9 (UHTJ. 

<?. □ connect TY TO Q? (\MYTJ. 

10. □ connect RY to S? (WYT). 

11. □ connect spring lb TO R9 (BLU). 

12. □ connect spring 1? TO Q? (BLUJ. 


2. TEST THE CIRCUIT 

CHECK FOR WIRING ERRORS. BE SURE YOU HAVE NOT DISCONNECTED ANY WIRES ON THE 
RECEIVER CIRCUIT. REMOVE THE FHOTOTRAnSISTOR CARD FROM THE CONSOLE SOCKET AnD 
connect it to the console using the REMOTE LINK. DIM THE ROOM LIGHTS TO PREVENT 

interference, rotate the im console Potentiometer (rs) all the way to the left. 
Push the Power switch on. the led flashes very slowly, rotate rs to the right 

UNTIL THE LED FLASHES RAPIDLY. POINT THE PHOTOTRANSISTOR CARD AT THE LED. YOU 
WILL HEAR A LOUD BUZZ FROM THE CONSOLE SPEAKER. MOVE THE PHOTOTRANSISTOR CARD 
AWAY and THE VOLUME OF THE BUZZ DECREASES SHARPLY. THE BUZZ MAY NOT ENTIRELY 
DISAPPEAR, even WWEN THE FHOTOTRANSISTOR CARD IS COMPLETELY BLOCKED SINCE SOME OF 
THE PuLSINt-. SK^NAI. IS SENT DIRECTLY TO THE RECEIVER. SOME OF THE SKiNAL IS SENT 
THROUGH THE SHARED POWER SUPPLY CONNECTIONS. THE REMAINDER IS SENT AS AN 

electromagnetic Pulse to the receiver wires. 


5. GOING FURTHER 

THE RECEIVER IS VERY SENSITIVE. IF THIS IS A PROBLEM, REDUCE THE VALUE OF R3 IN THE 
RECEIVER CIRCUIT (PAGE 9Y) FROM IM TO lOOK (BRN-BLK-YELJ OR EVEN lOK (BRN-BLK-ORG). 
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GOING FURTHER WITH ELECTRONIC SENSORS 


THE^E ARE MAiMY CIRCUITS AiMD PROJECTS THAT YOU CAN BUILD USING YOUR RADlCSHAC< 

electronic sensors lab. you can also BU'iLD PERWAnEnT V-^RS'iCNS of the circuits in 

THIS MANUAL OR CIRCUITS THAT YOU DESIGN. YOU CAN F'.ND STANDARD CIRCUIT BOARDS, 

electronic Parts, hardware, enclosures, soldering materials and other supplies at 

RADlOSHACK. REMEMBER, CF COURSE, THAT THE CIRCUITS IN THIS MANUAL ARE FOR EDUCA 
TIONAL USE, science PROJECTS AnD JUST PLAIN FUN. THEY ARE NOT DESIGNED FOR ANY 
HEALTH PURPOSE OR FOR ANY APPLICATION IN WHICH PROPERTY OR PEOPuE MIGHT BE INJURED. 

HERE ARE SOME IDEAS FOR ADDITIONAL PROJECTS AnD APPLICATIONS: 

1. AROUND THE HOUSE 

USE A PHOTOTRANSISTOR OR PHOTORESISTOR AND A LIGHT SOURCE TO DESIGN AN 
ANNUNCIATOR SYSTEM THAT SOUNDS A EUZZER WHEN A LIS', TOR AT YOUR FRONT DOOR 
BREAKS A. I IGHT EEA.M. US,'. A P'HOTOTRA.NSISTOR, PHO i ORESISTCR OR iMA.GNi'.T A.ND MA(^NE.T 
SW'',TCH TO BU'.lD an ELECTRONIC MAILBOX INDICATOR THAT FLASHES AFTER THE MAILMAN 
opens your mailbox, use a f^OTOTRANSISTOR TO MAKE A PORTABLE TESTER FOR INFRARED 
REMOTE CONTROL UN'.TS. 

2. science PROJECTS 

USE A LIGHT-SENS', TIME RAD',0METER TO RECORD THE LEvEL OF SUNL',GHT AT THE SAME 
LOCATION AT NOON FOR A FULL YEAR. ADJUST YOUR C',RCUIT SC THAT IT G',V'ES THE 
HIGHEST S',GNAL ON A BRIGHT, CLEAR SUMMER DAY. USE A THERMISTOR TO BUILD A REMOTE 
THERMOMETER THAT IND',CATES TEMPERATURE WITH A BL1NK',NG LED. 

USE A M,AGNET AND HALL SENSOR TO MAKE A SEISMOMETER SENSITIVE ENOUGH TO DETECT 
DISTANT EARTHQUAKES. YOU WILL KNOW YOUR C',RCUIT IS L-ERY SENSITIVE ',F ',T DETECTS 
TRAFFIC ON A NEARBY HIGHWAY. 

5. experimental CIRCUITS 

SUBST',TUT';- Si:NSORS OF YOUR OWN SELECTION ',NTO VARIOUS CIRCUITS DESCRIBED IN TH',S 
MANUAL. FOR EXAMPLE, SOLAR CELLS ARE EXCELLENT L',GHT SENSORS. BE SURE TO OBSERVE 
THE SPEC1F1CAT',0NS CF ThE SEnSOR TO AVOID DAMAGING ',T. 

ADD D1G',TAL INTEGRATED C',RCUITS TO YOUR SENSORS LAB KIT AnD DESIGN C1RCU',TS THAT 
interface sensors with DlG'.TAL CIRCUITS. 

BUILD A LIGHT-SENS',T1VE C1RCU',T THAT IS ACTIVATED BY A SPOT OF LIGHT ON A COMPUTER 

screen, then write a simple computer Program to trigger a buzzer or tone when 

THE LIGHT SPOT IS PREsENT. 

Y. JUST FOR Fun 

USE A PHOTORESISTOR TO DESIGN AN ELECTRONIC MUSICAL INSTRUMENT THAT IS PLAYED BY 

A Flashl',ght beam. 

USE A PHOTORESISTOR OR PH0T0TRANS',STCR TO MAKE AN OPTCELECTRON',C DART BOARD 
THAT TR',GGERS A BUZZER WHEN YOU MANAGE TO FLASH A SPOT OF L',GHT AT A TARGET. 
MOUNT the light SENSCR AT THE CENTER CF THE TARGET. 

USE A PHOTORESISTOR OR PHOTOTRANSISTCR TO MAKE A L1GHT-TR',GGERED BUZZER CIRCUIT 

and place it in a refrigerator, when the Door ',s opened, the buzzer will sound. 
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GOING FURTHER WITH ELECTRONIC SENSORS 


THE^E ARE MAiMY CIRCUITS AiMD PROJECTS THAT YOU CAN BUILD USING YOUR RADlCSHAC< 

electronic sensors lab. you can also BU'iLD PERWAnEnT V-^RS'iCNS of the circuits in 

THIS MANUAL OR CIRCUITS THAT YOU DESIGN. YOU CAN F'.ND STANDARD CIRCUIT BOARDS, 

electronic Parts, hardware, enclosures, soldering materials and other supplies at 

RADlOSHACK. REMEMBER, CF COURSE, THAT THE CIRCUITS IN THIS MANUAL ARE FOR EDUCA 
TIONAL USE, science PROJECTS AnD JUST PLAIN FUN. THEY ARE NOT DESIGNED FOR ANY 
HEALTH PURPOSE OR FOR ANY APPLICATION IN WHICH PROPERTY OR PEOPuE MIGHT BE INJURED. 

HERE ARE SOME IDEAS FOR ADDITIONAL PROJECTS AnD APPLICATIONS: 

1. AROUND THE HOUSE 

USE A PHOTOTRANSISTOR OR PHOTORESISTOR AND A LIGHT SOURCE TO DESIGN AN 
ANNUNCIATOR SYSTEM THAT SOUNDS A EUZZER WHEN A LIS', TOR AT YOUR FRONT DOOR 
BREAKS A. I IGHT EEA.M. US,'. A P'HOTOTRA.NSISTOR, PHO i ORESISTCR OR iMA.GNi'.T A.ND MA(^NE.T 
SW'',TCH TO BU'.lD an ELECTRONIC MAILBOX INDICATOR THAT FLASHES AFTER THE MAILMAN 
opens your mailbox, use a f^OTOTRANSISTOR TO MAKE A PORTABLE TESTER FOR INFRARED 
REMOTE CONTROL UN'.TS. 

2. science PROJECTS 

USE A LIGHT-SENS', TIME RAD',0METER TO RECORD THE LEvEL OF SUNL',GHT AT THE SAME 
LOCATION AT NOON FOR A FULL YEAR. ADJUST YOUR C',RCUIT SC THAT IT G',V'ES THE 
HIGHEST S',GNAL ON A BRIGHT, CLEAR SUMMER DAY. USE A THERMISTOR TO BUILD A REMOTE 
THERMOMETER THAT IND',CATES TEMPERATURE WITH A BL1NK',NG LED. 

USE A M,AGNET AND HALL SENSOR TO MAKE A SEISMOMETER SENSITIVE ENOUGH TO DETECT 
DISTANT EARTHQUAKES. YOU WILL KNOW YOUR C',RCUIT IS L-ERY SENSITIVE ',F ',T DETECTS 
TRAFFIC ON A NEARBY HIGHWAY. 

5. experimental CIRCUITS 

SUBST',TUT';- Si:NSORS OF YOUR OWN SELECTION ',NTO VARIOUS CIRCUITS DESCRIBED IN TH',S 
MANUAL. FOR EXAMPLE, SOLAR CELLS ARE EXCELLENT L',GHT SENSORS. BE SURE TO OBSERVE 
THE SPEC1F1CAT',0NS CF ThE SEnSOR TO AVOID DAMAGING ',T. 

ADD D1G',TAL INTEGRATED C',RCUITS TO YOUR SENSORS LAB KIT AnD DESIGN C1RCU',TS THAT 
interface sensors with DlG'.TAL CIRCUITS. 

BUILD A LIGHT-SENS',T1VE C1RCU',T THAT IS ACTIVATED BY A SPOT OF LIGHT ON A COMPUTER 

screen, then write a simple computer Program to trigger a buzzer or tone when 

THE LIGHT SPOT IS PREsENT. 

Y. JUST FOR Fun 

USE A PHOTORESISTOR TO DESIGN AN ELECTRONIC MUSICAL INSTRUMENT THAT IS PLAYED BY 

A Flashl',ght beam. 

USE A PHOTORESISTOR OR PH0T0TRANS',STCR TO MAKE AN OPTCELECTRON',C DART BOARD 
THAT TR',GGERS A BUZZER WHEN YOU MANAGE TO FLASH A SPOT OF L',GHT AT A TARGET. 
MOUNT the light SENSCR AT THE CENTER CF THE TARGET. 

USE A PHOTORESISTOR OR PHOTOTRANSISTCR TO MAKE A L1GHT-TR',GGERED BUZZER CIRCUIT 

and place it in a refrigerator, when the Door ',s opened, the buzzer will sound. 
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